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,QWURGXFWLRQ
$UWLFXODWLRQDQGDOLJQPHQWRINQRZOHGJHWKDWJXLGHVFROODERUDWLRQLQZRUNSURFHVVHVKDVEHHQDGGUHVVHGLQQHDUO\
HYHU\ NQRZOHGJH PDQDJHPHQW DSSURDFK SURSRVHG RYHU WKH ODVW GHFDGHV 1RQDND 	 7DNHXFKL GHVFULEH WKH
SKHQRPHQRQRIDUWLFXODWLRQLQWKHH[WHUQDOL]DWLRQDQGFRPELQDWLRQSKDVHVRIWKHLU6(&,F\FOH3UREVWHWDOFRYHU
DUWLFXODWLRQ LQ WKHLU HODERUDWLRQ RQ NQRZOHGJH DFTXLVLWLRQ FUHDWLRQ DQG WUDQVIHU )LUHVWRQH DQG0F(OUR\ UHIHU WR
DFWLYLWLHVUHODWHGWRDUWLFXODWLRQRINQRZOHGJHLQWKHLU.QRZOHGJH/LIHF\FOHWKHSKDVHVRISUREOHPFODLPIRUPXODWLRQ
DQGNQRZOHGJHFODLP IRUPXODWLRQ6HQJH LQKLV VHPLQDOZRUNRQ WKH ILYHGLVFLSOLQHVRINQRZOHGJHPDQDJHPHQW
SURSRVHV WR H[SOLFLWO\ GHVFULEH PHQWDO PRGHOV WKDW JXLGH LQGLYLGXDO DQG FROOHFWLYH DFWLRQ DQG XVH WKHP LQ WHDP
OHDUQLQJ6XPPDUL]LQJDUWLFXODWLRQUHIHUVWRWKHSURFHVVRIHQFRGLQJLQGLYLGXDOPHQWDOPRGHOVDERXWDSDUWLFXODU
ZRUN SURFHVV LQ D WDQJLEOH IRUP DUWLIDFWV WKDW HQDEOHV UHIOHFWLRQ DQG VKDULQJ 3URFHVVHV RI DOLJQPHQW
FRQVHTXHQWO\EXLOGXSRQ WKHVHDUWLIDFWV DQGDUHXVHG LQFROODERUDWLYH VHWWLQJV WRDOWHU DQGH[WHQG WKH LQGLYLGXDOV

PHQWDOPRGHOV7KLVHQDEOHVWKHPWRRSHUDWLYHO\ZRUNWRJHWKHUDQGPRGLI\WKHDUWLIDFWVDFFRUGLQJO\WRUHSUHVHQW
WKHDOLJQHGXQGHUVWDQGLQJ
7KH UHSUHVHQWDWLRQ RIPHQWDOPRGHOV LQ H[WHUQDOL]HG DUWLIDFWV LV RIWHQ DSSURDFKHG YLD FUHDWLQJ GLDJUDPPDWLFDO
FRQFHSWXDOPRGHOV&RQFHSWPDSVKDYHEHHQVKRZQWRDSSURSULDWHO\VHUYHWKHSXUSRVHRIDUWLFXODWLRQDQGDOLJQPHQW
RI NQRZOHGJH JXLGLQJ LQGLYLGXDO DQG FROOHFWLYH DFWLRQ 6HQJH SURSRVHV WR XVH V\VWHP G\QDPLFVPRGHOV WR
GHVFULEH WKH EHKDYLRU RI ZRUN V\VWHPV1HLWKHU RI WKHVH DSSURDFKHV KRZHYHU LV H[SOLFLWO\ WDLORUHG WR GHVFULEH
NQRZOHGJHDERXWZRUNDQGLWVFROODERUDWLYHGLPHQVLRQ/DQJXDJHVHPDQWLFVLQFRQFHSWPDSSLQJLVGHOLEHUDWHO\OHIW
IOH[LEOH ZKHUHDV LQ V\VWHP G\QDPLFV WKH VHPDQWLFV RI PRGHO OLQNV DQG QRGHV IRFXV RQ GHVFULELQJ G\QDPLF
UHODWLRQVKLSVEHWZHHQ V\VWHPHOHPHQWV ,QFRQWUDVW FRQFHSWXDO ODQJXDJHV WDLORUHG WR UHSUHVHQW FROODERUDWLYHZRUN
SURFHVVHVVXFKDV%301SURYLGHHODERUDWHGVHPDQWLFFRQVWUXFWVWRGHVFULEHZRUNVHWWLQJVEXWGRKDUGO\FRQVLGHU
WKHDVSHFWRIDUWLFXODWLRQDQGDOLJQPHQWLQWKHLUGHVLJQPDNLQJWKHPRQO\SDUWLDOO\VXLWDEOHIRUWKLVSXUSRVH7KLV
DVSHFWFRQVHTXHQWO\QHHGVWREHDGGUHVVHGZKHQDLPLQJWRXVHFRQFHSWXDOPRGHOLQJWRUHSUHVHQWPHQWDOPRGHOVDERXW
WDVNVDQGLQWHUDFWLRQVLQDFROODERUDWLYHZRUNSURFHVV
)XUWKHUPRUHWKHFDSDELOLW\WRXVHFRQFHSWXDOPRGHOOLQJIRUWKHSXUSRVHRIDUWLFXODWLRQDQGDOLJQPHQWPXVWQRWEH
DVVXPHGWREHSUHVHQWIRUDOOSDUWLFLSDQWV,QH[SHULHQFHGSDUWLFLSDQWVUHTXLUHPRUHVXSSRUWDQGJXLGDQFHWKDQPRUH
H[SHULHQFHGRQHV+RZHYHUWKHODWWHUPLJKWEHKDPSHUHGE\DQHQIRUFHPHQWRIPRGHOOLQJVWUXFWXUHVRISURFHGXUHV
OHDGLQJWROHVVDUWLFXODWLRQDQGDOLJQPHQWDFWLYLWLHV7KHVHILQGLQJVDUHLQOLQHZLWKUHVHDUFKFRQGXFWHGLQHGXFDWLRQDO
VFLHQFHXQGHU WKH ODEHORIÄVFDIIROGLQJ³ZKLFK LVFKDUDFWHUL]HGE\DIDGLQJRIVXSSRUWPHDVXUHVDQG WUDQVIHURI
UHVSRQVLELOLW\ZLWK ULVLQJVNLOOVRI OHDUQHUV7KH UHVXOWV IURPUHVHDUFKRQVFDIIROGLQJKRZHYHUKDYHQRW\HWEHHQ
WUDQVIHUUHGWRWKHDUHDRIDUWLFXODWLRQDQGDOLJQPHQWRIPHQWDOPRGHOV
7KHSUHVHQWSDSHULVDILUVWVWHSWRZDUGDGGUHVVLQJWKLVJDS,WVHWVRXWWRH[SORUHZKHWKHUZRUNRULHQWHGFRQFHSWXDO
PRGHOOLQJODQJXDJHVFDQIDFLOLWDWHWKHSURFHVVRIDUWLFXODWLRQDQGDOLJQPHQWRINQRZOHGJHDERXWZRUNSURFHVVHVDQG
WULHVWRLGHQWLI\KRZFRQFHSWVVWHPPLQJIURPVFDIIROGLQJUHVHDUFKFRXOGEHXVHGWRSURYLGHDSSURSULDWHVXSSRUWWR
WKHSDUWLFLSDQWVLQVXFKDSURFHVV7KHWKHRU\RIVFDIIROGLQJKDVGHYHORSHGIURPDSHGDJRJLFDOEDFNJURXQGWRDLGWKH
GHYHORSPHQWRISUREOHPVROYLQJVNLOOVYLDDGDSWLYHVXSSRUWPHDVXUHV.QRZOHGJHPDQDJHPHQWDVDGLVFLSOLQHFRXOG
EHQHILW IURP WKLV DSSURDFK DV LW SURYLGHV RSHUDWLRQDOL]HG JXLGDQFH RQ KRZ WR WULJJHU DQG VXSSRUW LQGLYLGXDO DQG
FROOHFWLYHOHDUQLQJSURFHVVHVEDVHGRQUHDOZRUOGRUJDQL]DWLRQDOFKDOOHQJHV7KHILQGLQJVGHULYHGIURPWKLVVWXG\
LQGLFDWHWKHSRWHQWLDORIFRQVLGHULQJWKHSULQFLSOHVRIVFDIIROGLQJLQWKHGHVLJQRINQRZOHGJHPDQDJHPHQWLQVWUXPHQWV
DQGLQWHUYHQWLRQVDQGWKXVDOORZWRHVWDEOLVKDIRXQGDWLRQIRUIXWXUHUHVHDUFKLQWKLVILHOG
7KHUHPDLQGHURIWKHSDSHULVVWUXFWXUHGDVIROORZV6HFWLRQVXPPDUL]HVWKHNHUQHOWKHRULHVXQGHUO\LQJWKHSUHVHQW
ZRUNWRVHWXSRXUUHVHDUFKIUDPHZRUN6HFWLRQJLYHVDQDFFRXQWRQUHODWHGZRUNDYDLODEOHWKHDUHDRIFROODERUDWLYH
DUWLFXODWLRQDQGDOLJQPHQWYLDFRQFHSWXDOPRGHOOLQJUHYLHZLQJLWZLWKUHVSHFWWRVFDIIROGLQJSULQFLSOHVWKDWDOUHDG\
PLJKWKDYHEHHQH[SORUHG6HFWLRQGHVFULEHVDPXOWLSOHFDVHVWXG\ZHKDYHFRQGXFWHGLQRUGHUWRH[SORUHLQIOXHQFH
IDFWRUVDQGUHTXLUHPHQWVRQFRQFHSWXDOPRGHOOLQJWHFKQLTXHVLQRUGHUWRFUHDWHVFDIIROGVIRUIDFLOLWDWLQJDUWLFXODWLRQ
DQGDOLJQPHQW:HFORVHZLWKDGLVFXVVLRQRIRXUUHVXOWVDQGGUDZFRQFOXVLRQVRQQHFHVVDU\IXUWKHUGLUHFWLRQVRI
UHVHDUFK
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.HUQHO7KHRULHV
,QWKHIROORZLQJZHEULHIO\GHVFULEHWKHWKHRULHVXQGHUO\LQJWKHSUHVHQWUHVHDUFK5HVHDUFKRQPHQWDOPRGHOWKHRU\
DQGVFDIIROGLQJRIOHDUQLQJSURFHVVHVFRQVWLWXWHRXUUHVHDUFKIUDPHZRUN,WHQDEOHVWRUHYLHZWKHDYDLODEOHUHODWHG
ZRUN LQ VHFWLRQ DQG XQGHUVWDQG WKH GHVLJQGHFLVLRQVPDGH IRU WKHPRGHOOLQJ DSSURDFK XVHG LQ WKH FDVHV VWXG\
GHVFULEHGLQVHFWLRQ
2.1. Mental Models 
3HRSOH¶VDFWLYLWLHVLQDZRUNSURFHVVWKHLUGHFLVLRQVDQGUHDFWLRQVWRFRQWLQJHQFLHVDUHGULYHQE\WKHLUSHUFHSWLRQ
RI RUJDQL]DWLRQDO UHDOLW\+RZSHRSOH SHUFHLYH WKHLUZRUN FRQWH[W LQ DQRUJDQL]DWLRQ DQGKRZ WKH\GHULYH WKHLU
UHDFWLRQVRQWKHVHSHUFHSWLRQVLVH[DPLQHGLQFRJQLWLYHVFLHQFHVLQWKHILHOGRIPHQWDOPRGHOWKHRU\0HQWDOPRGHO
WKHRU\DOVRKDVEHHQXVHGLQNQRZOHGJHPDQDJHPHQWWRH[SODLQRSHUDWLYHWULJJHUVRIRUJDQL]DWLRQDOFKDQJHSURFHVVHV
,QWKHSUHVHQWDUWLFOHZHXVHPHQWDOPRGHOWKHRU\WRGHVFULEHLQGLYLGXDODQGFROOHFWLYHOHDUQLQJSURFHVVHVLHWKH
DGDSWDWLRQRIPHQWDOPRGHOVWRDFFRPPRGDWHSHUFHLYHGFKDQJHVLQWKHRUJDQL]DWLRQDOHQYLURQPHQW
0HQWDOPRGHOFKDQJHUHTXLUHVWRUHFRJQL]HWKHODFNRIDGHTXDF\RIRQH¶VPHQWDOPRGHODQGWKHRSSRUWXQLW\DQG
ZLOOLQJQHVVWRUHIOHFWRQDQGDGDSWWKHPHQWDOPRGHO,QFROODERUDWLYHZRUNVHWWLQJVPHQWDOPRGHOFKDQJHPLJKWQRW
EHUHVWULFWHGWRDVLQJOHSHUVRQEXWPLJKWUHTXLUHWRLQYROYHDOODFWRUVLQWKHZRUNSURFHVVLQWKHUHIOHFWLRQDQGFKDQJH
SURFHVV7KHZLOOLQJQHVVRIFKDQJLQJDPHQWDOPRGHOWKDWKDVEHHQUHFRJQL]HGWREHLQDGHTXDWHE\DQLQGLYLGXDOFDQ
EHDVVXPHGQRWLPSRVLQJDQ\DVVXPSWLRQVDERXWWKHTXDOLW\RIWKHFKDQJH6WLOOKDYLQJWKHRSSRUWXQLW\WRDGDSWD
PHQWDOPRGHOE\JDWKHULQJWKHUHTXLUHGLQSXWDQGEHLQJDEOHWRUHWULHYHLWLQDQDGHTXDWHIRUPFDQEHDQLVVXHLELG
,QFROODERUDWLYHVHWWLQJVWKHZLOOLQJQHVVRIRWKHUDFWRUVWRFKDQJHWKHLUPHQWDOPRGHOVPXVWQRWEHDVVXPHG,IWKH\
GRQRWSHUFHLYHWKHHQYLURQPHQWDOVHWWLQJWREHÄSUREOHPDWLF³LQTXLULHVIRUFKDQJHDUHXVXDOO\PHWZLWKUHVLVWDQFH
7KRVH FKDOOHQJHV RI FDQ EH PHW ZLWK H[SOLFLW DFWLYLWLHV GHGLFDWHG WR DUWLFXODWLRQ UHIOHFWLRQ DQG DOLJQPHQW RI
LQGLYLGXDOPHQWDOPRGHOV6XFKDFWLYLWLHVQHHGWREHIDFLOLWDWHGE\SURYLGLQJDUWLIDFWVWKDWFDQVHUYHDVIRFDOSRLQWV
RIGLVFXVVLRQDQGDFWDVDQFKRUVIRUGHYHORSLQJDPXWXDOXQGHUVWDQGLQJDERXWWKHVXEMHFWDWKDQG&RQFHSWXDOPRGHOV
KDYHEHHQZLGHO\UHFRJQL]HGDVDQDSSURSULDWHPHDQWRVHUYHDVH[WHUQDODUWLIDFWVUHSUHVHQWLQJPHQWDOPRGHOV
,QRUGHUWRHIIHFWLYHO\XVHWKHVHDUWLIDFWVWKHLQYROYHGDFWRUVQHHGWREHPHWKRGRORJLFDOO\FDSDEOHWRSDUWLFLSDWHLQ
VXFKDUWLFXODWLRQDQGDOLJQPHQWDFWLYLWLHV7KHIXQGDPHQWDOUHTXLUHPHQWWREHPHWKHUHLVWKDWWKH\DUHFDSDEOHLQ
XQGHUVWDQGLQJDQGDFWLYHO\XVLQJWKHUHSUHVHQWDWLRQIRUPVXVHGWRGHYHORSWKHDUWLIDFWV7KLVFKDOOHQJHQHHGVWREH
H[SOLFLWO\DGGUHVVHGDQGVKRXOGEHHPEHGGHGLQWKHDUWLFXODWLRQDQGDOLJQPHQWDFWLYLWLHV
2.2. Scaffolding 
6FDIIROGLQJLVDFRQFHSWLQWURGXFHGLQWKHILHOGRIHGXFDWLRQDOWXWRULQJE\:RRGHWDOLQ,WRULJLQDOO\UHIHUV
WR KDYLQJ DQ H[SHULHQFHG SHUVRQ KHOS DQ XQH[SHULHQFHG OHDUQHU WR DFTXLUH NQRZOHGJH DERXW D SDUWLFXODU WRSLF
6FDIIROGLQJ LV DPHWDSKRU DGRSWHG IURPFRQVWUXFWLRQ LQGXVWU\ DQG UHIHUV WR D WHPSRUDU\PHDQVRI VXSSRUW WKDW LV
SUHVHQWXQWLOWKHVXSSRUWHGHQWLW\KHUHDOHDUQHUFDQDFFRPSOLVKDJLYHQWDVNLWVHOI
6FDIIROGLQJ FDQ WDNH GLIIHUHQW IRUPV -XPDDW	7DVLU GLVWLQJXLVK FRQFHSWXDO VFDIIROGV SURFHGXUDO VFDIIROGV
PHWDFRJQLWLYHVFDIIROGVDQGVWUDWHJLFVFDIIROGVEDVHGRQDPHWDVWXG\RIVFDIIROGLQJUHVHDUFKConceptual scaffolds
KHOS OHDUQV WRGHFLGHZKDW WRFRQVLGHU WREHZRUWK OHDUQLQJ ,QSDUWLFXODU WKH\FDQKHOS WRSULRULWL]H IXQGDPHQWDO
FRQFHSWVProcedural scaffoldsDVVLVWVWXGHQWVLQXVLQJDYDLODEOHWRROVDQGPHWKRGVDQGSRLQWWKHPDWSRWHQWLDOO\XVHIXO
UHVRXUFHVStrategic scaffolds VXJJHVWDOWHUQDWLYHZD\VWRWDFNOHSUREOHPVLQOHDUQLQJ)LQDOO\metacognitive scaffolds
JXLGHVWXGHQWVRQKRZWRDSSURDFKDOHDUQLQJSUREOHPDQGZKDWWRWKLQNDERXWZKHQHODERUDWLQJRQDSUREOHP%XOX
	 3HGHUVRQ LGHQWLI\ RUWKRJRQDO FDWHJRULHV E\ GLVWLQJXLVKLQJ WKH VRXUFHV RI VFDIIROGLQJ Scaffolds provided by 
teachersDUHFRQVLGHUHGWKHRULJLQDOIRUPRIVFDIIROGLQJScaffolds provided in interactions among learning peersUHIHU
WRWKHSKHQRPHQRQWKDWVFDIIROGLQJFDQDULVHIURPWKHFROOHFWLYHNQRZOHGJHRIDOHDUQLQJJURXS6FDIIROGVFDQDOVR
EHSURYLGHGDVtextual or graphical representationsVLPLODUWRDPDQXDOTechnology-driven scaffoldingILQDOO\XVHV
LQIRUPDWLRQWHFKQRORJ\WRSURYLGHVFDIIROGV7KLVLQFOXGHVVRIWZDUHSURJUDPVWKDWWU\WRREVHUYHOHDUQHUV¶EHKDYLRUV
DQGLQWHUYHQHDSSURSULDWHO\LQWKHOHDUQLQJSURFHVV
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,QGHSHQGHQWO\ RI ZKLFK IRUP RI VFDIIROGLQJ LV SXUVXHG LW LV DOZD\V FKDUDFWHUL]HG YLD WKH SUHVHQFH RI WKUHH
SULQFLSOHVWKDWKDYHEHHQLGHQWLILHGE\YDQGH3ROHWDO7KHILUVWFRPPRQSULQFLSOHLVcontingencyZKLFKLVRIWHQ
UHIHUUHGWRDVUHVSRQVLYHQHVVRUWDLORUHGDGMXVWHGGLIIHUHQWLDWHGRUFDOLEUDWHGVXSSRUW6FDIIROGVQHHGWREHDGDSWHG
G\QDPLFDOO\WRWKHVWXGHQWV¶FXUUHQWOHYHORISHUIRUPDQFH7KHVHFRQGSULQFLSOHLVfadingZKLFKUHIHUVWRWKHJUDGXDO
ZLWKGUDZDORIWKHVFDIIROGLQJ$VOHDUQHUVGHYHORSWKHLUVNLOOVVXSSRUWEHFRPHVOHVVQHFHVVDU\DQGLVGHFUHDVHGRYHU
WLPH 7KLV LV FORVHO\ FRQQHFWHG WR WKH WKLUG SULQFLSOH transfer of responsibility9LD IDGLQJ UHVSRQVLELOLW\ IRU WKH
SHUIRUPDQFHRID WDVN LVJUDGXDOO\ WUDQVIHUUHG WR WKH OHDUQHU7KHUHVSRQVLELOLW\ IRU OHDUQLQJ LV WUDQVIHUUHGZKHQD
VWXGHQWWDNHVLQFUHDVLQJFRQWURODERXWWKHOHDUQLQJSURFHVV
2QDQRSHUDWLYHOHYHOVFDIIROGLQJLVLPSOHPHQWHGYLDGLIIHUHQWPHDQV9DQGH3ROHWDOOLVWDQRQH[KDXVWLYH
VHWRIPHDVXUHVVXFKDVJLYLQJIHHGEDFNSURYLGLQJKLQWVLQVWUXFWLQJH[SODLQLQJPRGHOOLQJLHGHPRQVWUDWLQJWKH
VNLOO WR EH DFTXLUHG DQG TXHVWLRQLQJ 7KH\ GLIIHU LQ WKHLU GHSWK RI LQWHUYHQWLRQ DQG WKH UHGXFWLRQ RI IUHHGRP LQ
VWXGHQWV¶OHDUQLQJSURFHVVHV+RZWRDSSURSULDWHO\VHOHFWDQGLPSOHPHQWVFDIIROGLQJDVLQWHUYHQWLRQVLQWKHOHDUQLQJ
SURFHVVLVGLVSXWHGLELG7KHGHVFULEHGFDWHJRULHVDQGPHDQVWKXVVKRXOGEHFRQVLGHUHGDIUDPHZRUNIRUREVHUYLQJ
DQGGHVLJQLQJOHDUQLQJVHWWLQJVUDWKHUWKDQDWWULEXWLQJWKHPDQ\QRUPDWLYHYDOXH
5HODWHG:RUN
7KHWRSLFRIVXSSRUWLQJNQRZOHGJHDUWLFXODWLRQLQFROODERUDWLYHVHWWLQJWRUHDFKDFRPPRQXQGHUVWDQGLQJDERXWD
SDUWLFXODUWRSLFKDVJDLQHGULVLQJDWWHQWLRQLQUHVHDUFKRYHUWKHODVW\HDUV,QWKHIROORZLQJZHUHYLHZWKHVWDWHRIWKH
DUWDQGDQDO\]HLWVFRQWULEXWLRQVLQWKHOLJKWRIWKHNHUQHOWKHRULHVGHVFULEHGDERYH
'HDQHWDOGHVFULEHDQDSSURDFKWRIDFLOLWDWHLQYROYHPHQWRIDFWRUVLQFROODERUDWLYHPRGHOOLQJ7KHLUREMHFWLYHLV
WRLQYROYHHQGXVHUVLQFRQFHSWXDOPRGHOOLQJDFWLYLWLHVIRULQIRUPDWLRQV\VWHPGHVLJQDVHDUO\DQGFRQWLQXRXVO\DV
SRVVLEOHWRDFKLHYHDPRUHFRPSUHKHQVLYHPRGHOUHSUHVHQWDWLRQLQDVKRUWHUSHULRGRIWLPH7KH\SURSRVHWRXVHD
JURXSZDUH WRRO WR IDFLOLWDWH JURXS PRGHOOLQJ SURFHVVHV DQG H[DPLQH GLIIHUHQW PRGHOOLQJ VWUDWHJLHV WKDW ZHUH
LPSOHPHQWHGXVLQJWKHWRROLQFRPELQDWLRQZLWKGLIIHUHQWIDFLOLWDWLRQVWUDWHJLHV,QSDUWLFXODUWKH\SHUIRUPHGWKHLQLWLDO
PRGHOOLQJVWHSVLQDFKDXIIHXUHGPDQQHUZLWKDOOSDUWLFLSDQWVEHIRUHOHWWLQJWKHPFUHDWHVXEPRGHOVDXWRQRPRXVO\LQ
VPDOOJURXSV7KHLUILQGLQJVLQGLFDWHWKDWWKLVVWUDWHJ\OHGWRLQFRQVLVWHQFLHVDQGFRQVHTXHQWO\WRIUXVWUDWLRQGXULQJ
FRQVROLGDWLRQ7KH\DUJXHIRUFUHDWLQJDVKDUHGFRQFHSWXDOFRQWH[WLQZKLFKVPDOOJURXSVFDQHPEHGWKHLUPRGHOVWR
DYRLGLQFRQVLVWHQFLHV
6DQWRURHWDOSURSRVHWRXVHJURXSVWRU\WHOOLQJIRUEXVLQHVVSURFHVVHOLFLWDWLRQ7KH\FODLPWKDWJURXSVWRU\WHOOLQJ
HQDEOHVWRUHDFKFRQVHQVXVDERXWWKHUHVSHFWLYHWRSLFDQGDOORZVSHHUFKHFNLQJRIWKHGHVFULEHGSURFHVVHV,QDVHFRQG
VWHS WKH\ GHYHORS D EXVLQHVV SURFHVVPRGHO IURP WKH VWRULHV7KHZKROH SURFHVV LV IDFLOLWDWHG E\ D SHUVRQZKR
PHGLDWHV WKH VWRU\ WHOOLQJ SURFHVV OLQNV IDFWV EHWZHHQ WKH VWRULHV DQG VXSSRUWV WKH DEVWUDFWLRQSURFHVV WRZDUGV D
FRPPRQPRGHO7KLVDEVWUDFWLRQSURFHVVFRPSULVHVPHUJLQJWKHLQGLYLGXDOVWRULHVDQGUHDFKLQJFRQVHQVXVDERXWWKH
PDLQSURFHVVHOHPHQWV7KLVSURFHVVLVVXSSRUWHGE\WDFRPSXWHUWRROE\SURPSWLQJIRULQSXWDERXWGLIIHUHQWDVSHFWV
RIWKHSURFHVVHJZKRLVLQYROYHG"ZKDWKDSSHQV"HWF7KHDFWXDOPRGHOLVFUHDWHGE\SURFHVVDQDO\VWVZKR
WUDQVODWHWKHVWRU\DEVWUDFWLRQVWRJUDSKLFDOPRGHOV
+HUUPDQQ	/RVHUIROORZDVLPLODUDSSURDFKLQWHUPVRIWKHFROODERUDWLRQVHWWLQJDQGWKHDSSURDFKWRSURPSWIRU
LQSXW E\SURFHVV SDUWLFLSDQWV7KH\GRQRWZRUNZLWK VWRULHV EXW XVH WKH6HH0HPRGHOOLQJ ODQJXDJH WR FDSWXUH
NQRZOHGJHDERXWZRUNSURFHVVHVGLUHFWO\LQJUDSKLFDOUHSUHVHQWDWLRQV6LPLODUO\WR'HDQHWDOWKH\SURSRVHWRVSOLW
WKHPRGHOOLQJWDVNLQWRVPDOOHUJURXSV$VWKHLUPHWKRGRORJ\UHOLHVRQSURPSWLQJWKURXJKDIDFLOLWDWRUWKH\H[SORUH
WKHRSSRUWXQLW\WROHDYHWKLVWDVNWRDVRIWZDUHDSSOLFDWLRQWKDWFDQVXSSRUWWKHVPDOOJURXSVLQDEVHQFHRIDKXPDQ
IDFLOLWDWRU7KH\UHIHUWRWKHDFWLYLWLHVRIWKHKXPDQRUVRIWZDUHIDFLOLWDWRUDVVFDIIROGLQJEXWGRQRWHODERUDWHIXUWKHU
RQWKHLPSOLFDWLRQVRIXVLQJWKLVFRQFHSW
)UDQFR	5RXZHWWH GLVFXVV KRZ GHFLVLRQV GHYHORSPHQW LQ WKH FRXUVH RI IDFLOLWDWHG FROODERUDWLYHPRGHOOLQJ
ZRUNVKRSVFDQEHHIIHFWLYHO\H[DPLQHG7KHLUREMHFWLYHLVWRLGHQWLI\SDWWHUQVRIKRZIDFLOLWDWLRQLQSXWVLQIOXHQFHWKH
SURFHVVRIGHFLVLRQPDNLQJ7KH\FRQVLGHUPRGHOVDVÄWUDQVLWLRQDOREMHFWV³WKDWHQDEOHJURXSPHPEHUVWRFRQVWUXFWD
VKDUHGUHDOLW\7KHLUVXPPDU\RIH[LVWLQJZRUNLQWKHILHOGRIÄIDFLOLWDWHGPRGHOOLQJ³LQGLFDWHVWKDWHQIRUFHPHQWRI
PRGHOOLQJSURFHGXUHVUHVXOWVLQVLPSOHUGHFLVLRQSDWKVOHDGLQJWRGLIIHUHQWOHVVFRPSUHKHQVLYHRXWFRPHV6WLOOWKH\
IRXQGHYLGHQFH WKDWDSUHVFULEHGQRUPDWLYHKLJKOHYHOSKDVHVHTXHQFHGXULQJPRGHOOLQJ LV OLNHO\ WR OHDG WRPRUH
VXFFHVVIXORXWFRPHV
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+RSSHQEURXZHUV 	 5RXZHWWH EXLOG XSRQ WKHVH UHVXOWV DQG SURSRVH WR IUDPH LH VWUXFWXUH FROODERUDWLYH
PRGHOOLQJSURFHGXUHVLQDPXOWLSKDVHDSSURDFKDVSURSRVHGDERYH$IDFLOLWDWRULVUHVSRQVLEOHWRJXLGHWKHSURFHVV
7KHPRGHOOLQJSURFHVVLVFRQFHLYHGDVDÄJDPH³LHDJRDORULHQWHGDQGUXOHEDVHGLQWHUDFWLYHV\VWHP&RQVHTXHQWO\
WKHJRDOVDQGUXOHVDUHPDGH WUDQVSDUHQW WRSDUWLFLSDQWVDQGDUHHQFRGHG LQDVXSSRUWLYHVRIWZDUH WRRO LQRUGHU WR
SURYLGHJXLGDQFH,QDGGLWLRQLQWHUDFWLRQDPRQJSDUWLFLSDQWVDQGWKHIDFLOLWDWRULVVWUXFWXUHGZLWKH[SOLFLWVHPDQWLF
FDWHJRULHV IRU VWDWHPHQWV LVVXHV E\ HLWKHU DFWRU HJ ÄDVN³ ÄDJUHH³ ÄDFFHSW³ IRU SDUWLFLSDQWV ÄLQVWUXFWLRQ³
ÄGLUHFWLYH³ÄUHTXHVWLGHDV³IRUWKHIDFLOLWDWRU,QWKHHYDOXDWLRQRIWKHLUDSSURDFKWKH\FRXOGLGHQWLI\WKDWWKHH[SOLFLW
VHPDQWLFVWUXFWXULQJRIWKHFRQYHUVDWLRQZDVIRXQGKHOSIXOE\LQH[SHULHQFHGIDFLOLWDWRUVZKHUHDVPRUHH[SHULHQFHG
SHRSOHPLJKWQRWILQGWKHPXVHIXO
)URQW HW DO SURSRVH D SDUWLFLSDWLYH HQGXVHU PHWKRG IRU PXOWLSHUVSHFWLYH EXVLQHVV SURFHVV HOLFLWDWLRQ DQG
LPSURYHPHQW ZKLFK LV VXSSRUWHG E\ D WRRO VXSSRUWLQJ PRGHOOLQJ DQG YDOLGDWLRQ RI PRGHOV 7KH\ VWUXFWXUH WKH
PRGHOOLQJSURFHVVDORQJGLIIHUHQWSHUVSHFWLYHVZKLFKDUHXVHGWRFRQVWLWXWHGLIIHUHQWPRGHOOLQJSKDVHVWKDWFDQEH
FRPELQHGIOH[LEO\HJVWDUWZLWKPRGHOOLQJWKHRUJDQL]DWLRQDOSHUVSHFWLYHRIDSURFHVVFRQWLQXHZLWKFRQVWUXFWLRQ
DQLQIRUPDWLRQDOPRGHOEXLOGDQLQWHUDFWLRQDOPRGHOE\,8VNHWFKLQJXVLQJWKHSULRUVSHFLILHGPRGHOVDQGYDOLGDWH
WKHZKROHVHWRIPRGHOVE\VLPXODWHGHQDFWPHQW7KH\PHQWLRQWKHDYDLODELOLW\RIDFRQGXFWRUPRGHOHUVXSSRUWLQJ
WKHVHSURFHVVHVEXWGRQRWHODERUDWHRQWKLVUROH)URPWKHLUILQGLQJVLWKRZHYHUVHHPVWKDWWKHVHTXHQFHRISKDVHV
DSSHDUV WREHFULWLFDO IRUPRGHOOLQJ VXFFHVVEXW LVGHSHQGHQWRQ WKH LQWHQGHGRXWFRPH3URSRVLQJDQDSSURSULDWH
VHTXHQFHRIPRGHOOLQJSKDVHVWKXVZRXOGEHDWDVNIRUWKHFRQGXFWRU
7DYHOOD	)UDQFRGHVFULEH WKHG\QDPLFVRIJURXSNQRZOHGJHSURGXFWLRQ LQ IDFLOLWDWHGPRGHOOLQJZRUNVKRSV
7KHLUREMHFWLYH LV WRVWXG\ WKHPHFKDQLVPVÄWKURXJKZKLFK IDFLOLWDWHGPRGHOOLQJ LQWHUDFWLRQVHYROYHPRPHQWE\
PRPHQWDPRQJWKRVHLQYROYHGDQGKRZWKH\FRQWULEXWHWRWKHZRUNVKRSRXWSXWV³LELG7KH\DQDO\]HPRGHOOLQJ
ZRUNVKRSVEDVHGGLIIHUHQW W\SHVRI VWDWHPHQWVSDUWLFLSDQWV FDQXWWHU LQ D FROODERUDWLYHPRGHOOLQJZRUNVKRS HJ
LQYLWLQJSURSRVLQJDIILUPLQJFKDOOHQJLQJ«,QWKLVZD\WKH\LGHQWLI\GLIIHUHQWLQWHUDFWLRQSDWWHUQVJHQHUDWLYH
FROODERUDWLYHDVVHUWLYH WKDWGLIIHU LQ WKH W\SHVRIVWDWHPHQWV WKHSDUWLFLSDQWVDQG WKHIDFLOLWDWRUXVH WRVKDSH WKHLU
LQWHUDFWLRQ6WLOOWKH\VKRZWKDWWKHVHSDWWHUQVPXVWQRWEHFRQVLGHUHGWREHQRUPDWLYHDVWKHLUVXFFHVVGHSHQGVRQ
WKHLQWHUDFWLRQFRQWH[WLQZKLFKLWLVXVHG
)LQDOO\+MDOPDUVVRQHWDOKDYHH[DPLQHGGLIIHUHQWIDFLOLWDWLRQVW\OHVLQEXVLQHVVSURFHVVPRGHOOLQJ7KH\LGHQWLI\
IRXU EHKDYLRUDO VW\OHV WKDW GLIIHU LQ KRZ D IDFLOLWDWRU JXLGHV D PRGHOOLQJ SURFHVV 7KHVH VW\OHV DUH EDFNHG ZLWK
GLFKRWRPRXVEHKDYLRUDODQFKRUVZKLFKDUHXVHGWRFKDUDFWHUL]HHDFKVW\OHHJOLVWHQLQJYVWDNLQJIOH[LEOHYVVWDWLF
OHWVJURXSPRGHOYVPRGHOVKLPVHOILQYROYHVSDUWLFLSDQWVYVGLVFRQQHFWVSDUWLFLSDQWVGRPDLQH[SHUWYVDJQRVWLF
7KRVHDQFKRUVDUHSXWLQWKHFRQWH[WRIVLWXDWLRQDOIDFWRUVVXFKDVWKHSXUSRVHRISURFHVVPRGHOOLQJWREHYVDVLV
PRGHOOLQJDQGWKHSURFHVVPRGHOOLQJPDWXULW\ORZYVKLJKZKLFKUHIHUVWRWKHH[SHULHQFHVRIWKHSDUWLFLSDQWVLQ
WKHDUHDRISURFHVVPRGHOOLQJ,QWKHLUHPSLULFDOVWXG\WKH\FRXOGFRQILUPWKDWDPRUHDXWKRULWDWLYHPRGHOOLQJVW\OH
LV SUHIHUUHG LQ VHWWLQJVZLWK ORZHUSURFHVVPRGHOOLQJPDWXULW\ LH OHVV H[SHULHQFHGSDUWLFLSDQWVZKHUHDVKLJKHU
SURFHVVSDUWLFLSDQWPDWXULW\ UHTXLUHV D OHVV LQWHUYHQLQJ IDFLOLWDWLRQ VW\OH LQZKLFK VXSSRUW LVRQO\SURYLGHGZKHQ
UHTXHVWHGE\WKHSDUWLFLSDQWV,QDIROORZXSHIIRUW*DVVHQHWDOGLVFXVVKRZH[SHUWLVHGLIIHUHQFHVIRUPRGHOOHUV
QHHGWREHDFFRXQWHGIRUGXULQJIDFLOLWDWLRQ7KH\SUHVHQWDQH[SHULPHQWWKDWWHVWHGKRZSHRSOHZLWKGLIIHUHQWOHYHOV
RIH[SHUWLVHZRUNZLWKGLIIHUHQW LQVWUXFWLRQDOPDWHULDOSUHVHQWHGDVDXWRPDWLF IHHGEDFNRID WRRO7KH\IRXQG WKDW
JXLGDQFHRQUHZRUNLQJPRGHOVQHHGVWRWDNHGLIIHUHQWOHYHOVRIH[SHUWLVHLQWRDFFRXQW
$V KDV EHFRPH YLVLEOH LQ WKH GHVFULSWLRQV JLYHQ DERYH H[LVWLQJ UHVHDUFK HLWKHU IRFXVVHV RQ H[DPLQLQJ WKH
IDFLOLWDWLRQRIFROODERUDWLRQRUSURSRVHVSDUWLFXODUIRUPDWVIRUWKHDUWLIDFWVFUHDWHGWKURXJKDUWLFXODWLRQ$OLQNWRWKH
FRQFHSWRIVFDIIROGLQJKDVKDUGO\EHHQPDGHV\VWHPDWLFDOO\LQDQ\RIWKHUHYLHZHGDSSURDFKHV7KLVFDQEHDWWULEXWHG
WRWKHIDFWWKDWWKHDUWLFXODWLRQDQGPRGHOOLQJVNLOOVRIWKHSDUWLFLSDQWVDUHLPSOLFLWO\DVVXPHGWRUHPDLQFRQVWDQW
WKURXJKRXWDZRUNVKRSDQGWKHVNLOOGHYHORSPHQWLQWKLVDUHDLVKDUGO\H[SOLFLWO\WDUJHWHGLQH[LVWLQJDSSURDFKHV6WLOO
XVLQJVFDIIROGLQJDVD OHQV WRUHYLHZH[LVWLQJDSSURDFKHVUHYHDOV WKDW WKH\DOUHDG\LPSOLFLWO\DGRSWVWUXFWXUHVRU
SURFHGXUHVWKDWDUHXVHGRUFRXOGEHXVHGIRUVFDIIROGLQJ7DEOHVXPPDUL]HVWKLVUHYLHZ
7DEOHVKRZVWKDWDOOWKHUHYLHZHGDSSURDFKHVSURYLGHGLIIHUHQWW\SHVRIVXSSRUWIRUFROODERUDWLYHDUWLFXODWLRQDQG
DOLJQPHQWYLDFRQFHSWXDOPRGHOOLQJWKDWFRXOGEHXVHGDVVFDIIROGV7KHVHVXSSRUWPHDVXUHVDUHGHOLYHULQ
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GLIIHUHQWIRUPVDQGRQGLIIHUHQWOHYHORIJUDQXODULW\+DUGO\DQ\VWXG\KRZHYHUH[SOLFLWO\DGGUHVVHVWKHIXQGDPHQWDO
SULQFLSOHVRIVFDIIROGLQJ,IDWDOOFRQWLQJHQF\LVDGGUHVVHGYLDUHO\LQJRQDIDFLOLWDWRU¶VH[SHUWLVHWRDGDSWVXSSRUW
G\QDPLFDOO\WRWKHFXUUHQWDUWLFXODWLRQFRQWH[W2QO\+MDOPDUVVRQHWDOYLDWKHLUGLIIHUHQWIDFLOLWDWLRQVW\OHVH[SOLFLWO\
UHFRJQL]HWKHQHHGWRIDGHVXSSRUWDQGWUDQVIHUUHVSRQVLELOLW\GHSHQGLQJRQWKHSDUWLFLSDQW¶VH[SHUWLVH
)DGLQJDQGWUDQVIHURIUHVSRQVLELOLW\LQWKHFRXUVHRIFROODERUDWLYHDUWLFXODWLRQDQGDOLJQPHQWRINQRZOHGJHWKXV
UHPDLQDQXQGHUH[DPLQHGDVSHFWLQWKHIDFLOLWDWLRQRIVXFKDFWLYLWLHV,QDQHIIRUWWRLGHQWLI\RSHQUHVHDUFKTXHVWLRQV
DQGLGHQWLI\LQGLFDWLYHZD\VRIDSSURDFKLQJWKHVHTXHVWLRQVZHUHSRUWRQDQH[SORUDWRU\PXOWLSOHFDVHVWXG\LQWKH
IROORZLQJ7KHVWXG\KDVEHHQFRQGXFWHGWRLGHQWLI\WKHUROHRIGLIIHUHQWNLQGVRIVFDIIROGVSURYLGHGLQWKHFRXUVHRI
FROODERUDWLYHDUWLFXODWLRQDQGDOLJQPHQWYLDFRQFHSWXDOPRGHOOLQJ
&DVH6WXG\
7KHDUWLFXODWLRQDQGDOLJQPHQWDFWLYLWLHVH[DPLQHGLQWKLVDUWLFOHLPSO\WKHH[LVWHQFHRIDVKDUHGZRUNFRQWH[WLQ
ZKLFKGLIIHUHQWPHQWDOPRGHOVDERXWFROODERUDWLYHZRUNFDQGHYHORS7KLVVKDUHGZRUNFRQWH[WKRZHYHUFDQQRWEH
FRQWUROOHGRUDUWLILFLDOO\FUHDWHGDVZRXOGEHQHFHVVDU\IRUDQH[SHULPHQWDOVHWXS&DVHVWXG\UHVHDUFKWKXVUHPDLQV
DVXLWDEOHH[SORUDWLRQVWUDWHJ\7KHIROORZLQJSDUDJUDSKVGHVFULEHWKHIXQGDPHQWDOUHVHDUFKGHVLJQIRUYDOLGDWLRQRI
WKHSURSRVHGFRQFHSW7KH\DUHVWUXFWXUHGDORQJ<LQ¶VFRPSRQHQWVIRUGHVLJQLQJFDVHVWXGLHV
7KHIROORZLQJresearch questionsFDQEHGHULYHGIURPWKHDIRUHPHQWLRQHGDLPDVDVWDUWLQJSRLQWIRUWKHHPSLULFDO
GHVLJQ
x 4:KLFKVFDIIROGVFDQEHSURYLGHGGXULQJFRQFHSWXDOPRGHOOLQJWRIDFLOLWDWHDUWLFXODWLRQDQGDOLJQPHQW"
x 4+RZFDQSULQFLSOHVRIVFDIIROGLQJVXFKDVFRQWLQJHQF\IDGLQJDQGWUDQVIHURIUHVSRQVLELOLW\EH
LPSOHPHQWHGLQFROODERUDWLYHFRQFHSWXDOPRGHOOLQJ"
7KHFDVHVWXG\VWULYHVWRSURYLGHDQVZHUVWRWKHVHTXHVWLRQV7KH\DUHFRQFUHWL]HGE\WZRpropositionsWKDWVKRXOG
EHH[DPLQHGLQWKHFRXUVHRIWKHFDVHVWXG\
x 3'LIIHUHQWW\SHVRIVFDIIROGVFDQEHSURYLGHGE\GLIIHUHQWPHDQVWRIDFLOLWDWHDUWLFXODWLRQDQGDOLJQPHQW
x 3,PSOHPHQWLQJSULQFLSOHVRIVFDIIROGLQJLQFROODERUDWLYHFRQFHSWXDOPRGHOOLQJFDQDLGWKHGHYHORSPHQWRI
DUWLFXODWLRQDQGDOLJQPHQWFDSDELOLWLHVRISDUWLFLSDQWV
7KHVHSURSRVLWLRQVZLOOEHFULWLFDOO\UHYLHZHGLQOLJKWRIWKHRXWFRPHVRIWKHFDVHVWXG\LQWKHQH[WVHFWLRQ7KLV
UHYLHZZLOOHQDEOHWRLGHQWLI\IXWXUHGLUHFWLRQVRIUHVHDUFKLQRUGHUWRDSSURSULDWHO\GHVLJQVFDIIROGLQJPHDVXUHV
7KH unit of analysis IRU WKH FDVH VWXG\ LV D JURXSZRUNLQJ WRJHWKHU LQ WKH FRXUVH RI D VLQJOH DUWLFXODWLRQ DQG
DOLJQPHQWVHVVLRQ7KHdata collection methodology IRUWHVWLQJWKHSURSRVLWLRQVQHHGVWRSURYLGHGDWDWKDWVKRZVWKH
UHODWLRQVKLSEHWZHHQWKHSURYLGHGPHDVXUHVRIVFDIIROGLQJDQGWKHSURFHVVDQGRXWFRPHRIDUWLFXODWLRQ7KHLQWHUDFWLRQ
DPRQJSHRSOHQHHGVWREHTXDOLWDWLYHO\DVVHVVHGZLWKUHVSHFWWRWKHHYROXWLRQRIDQDJUHHPHQWWKDWWKHFRPPRQPRGHO
DGHTXDWHO\UHSUHVHQWVWKHFROODERUDWLYHZRUNSURFHVVDQGWRZKLFKH[WHQWVFDIIROGLQJPHDVXUHVKDYHLQIOXHQFHGWKLV
LQWHUDFWLRQSURFHVV)XUWKHUPRUHGDWDRQWKHLPSDFWRIWKHSURYLGHGVFDIIROGVRQWKHUHVXOWLQJPRGHOVLVUHTXLUHG
Data interpretationQHHGVWRORRNDWWKHTXDOLWLHVRILQWHUDFWLRQLQWHUPVRIHYROXWLRQRIDJUHHPHQWDQGZKHWKHURUQRW
WKHVFDIIROGLQJPHDVXUHVGHSOR\HGLQWKHDUWLFXODWLRQDFWLYLWLHVRULQWKHSURFHVVRIPRGHOFUHDWLRQKDGDQ\LPSDFWRQ
7DEOH&RPSDULVRQRIUHODWHGZRUNZLWKUHVSHFWWRVXSSRUWRIVFDIIROGLQJ
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WKHVHLQWHUDFWLRQV,QDGGLWLRQWKHPRGHOOLQJUHVXOWVQHHGWREHH[DPLQHGZLWKUHVSHFWWRWKHLUDGKHUHQFHWRVWUXFWXUHV
WKDWVKRXOGEHSUHVHQWZKHQWKHVFDIIROGVDUHXVHG
7KHFDVHVWXG\KDVEHHQGHVLJQHGWRWHVWWKHSURSRVLWLRQVIROORZLQJ(PSLULFDOPHWKRGVKDYHEHHQFKRVHQWRPHHW
WKHUHTXLUHPHQWVRQGDWDFROOHFWLRQVHW IRUWKDERYH%RWK WKHJOREDOFDVHVWXG\GHVLJQDQG WKHVHOHFWHGHPSLULFDO
PHWKRGRORJ\DUHGHVFULEHGLQWKHIROORZLQJVXEVHFWLRQV
4.1. Global Evaluation Design 
3URYLGLQJDSSURSULDWHVFDIIROGVIRUIDFLOLWDWLQJWKHFROODERUDWLYHDUWLFXODWLRQDQGDOLJQPHQWRIPHQWDOPRGHOVDERXW
ZRUNSURFHVVHVLVKLJKO\GHSHQGHQWRQWKHFRQWH[WRIWKHH[DPLQHGJURXS$PXOWLSOHFDVHGHVLJQLVWKXVQHFHVVDU\LQ
RUGHUWRYDOLGDWHWKHSURSRVLWLRQVIRUPXODWHGDERYH
)RU WKH SXUSRVH RI FDUU\LQJ RXW WKH PXOWLSOH FDVH VWXG\ D PRGHOOLQJ ODQJXDJH GHVLJQHG IRU WKH SXUSRVH RI
DUWLFXODWLRQDQGDOLJQPHQWKDVEHHQDXJPHQWHGZLWKGLIIHUHQWIRUPVRIVFDIIROGLQJ
7KHPRGHOOLQJPHWKRGDLPVDWWKHGHYHORSPHQWRIDFRPPRQXQGHUVWDQGLQJDERXWDFROODERUDWLYHZRUNSURFHVV,W
FRPSULVHVVHYHUDOFRPSRQHQWVWKDWEXLOGXSRQHDFKRWKHU,QDILUVWVWHSDIXQGDPHQWDOXQGHUVWDQGLQJRIWKHFRQFHSWV
UHOHYDQWIRUPRGHOOLQJLVDOLJQHGFI)LJÄVHWWLQJWKHVWDJH³,QDVHFRQGVWDJHSDUWLFLSDQWVLQGLYLGXDOO\GHVFULEH
WKHLUSHUVSHFWLYHVRQWKHZRUNSURFHVVIURPDQDFWLYLW\FHQWULFDQGLQWHUDFWLRQDOSRLQWRIYLHZFI)LJÄLQGLYLGXDO
DUWLFXODWLRQ³)LQDOO\ WKHVHLQGLYLGXDOPRGHOVDUHFRQVROLGDWHGWRDVKDUHGPRGHO LQ WKHFRXUVHRIDFROODERUDWLYH
HIIRUWWRGHYHORSDFRPPRQXQGHUVWDQGLQJDERXWWKHRYHUDOOZRUNSURFHVVFI)LJÄFROODERUDWLYHDOLJQPHQW³7KH
PRGHOOLQJDSSURDFKLVGHVFULEHGLQPRUHGHWDLOLQRXUHDUOLHUUHVHDUFK)RUHYDOXDWLRQSXUSRVHVIRFXVLVSXWRQWKH
WKLUGVWDJHKHUHDVLWIHDWXUHVDFROODERUDWLYHVHWWLQJDQGPDNHVXVHRIDZRUNSURFHVVRULHQWHGPRGHOOLQJODQJXDJH

7KHIROORZLQJPHDVXUHVWKDWFDQSRWHQWLDOO\EHXVHGIRUVFDIIROGLQJKDYHEHHQGHYHORSHGDQGHPEHGGHGLQWKH
PRGHOOLQJDSSURDFK)ROORZLQJWKHSULQFLSOHVRIVFDIIROGLQJWKHLUGHSOR\PHQWQHHGVWREHGHFLGHGXSRQEDVHGRQWKH
OHYHORIH[SHUWLVHRIWKHSDUWLFLSDQWV
x S1FRQFHSWXDOW\SHVRIPRGHOOLQJHOHPHQWVWREHXVHGIRUPRGHODUWLFXODWLRQEOXH«ZKRUHG«ZKDW\HOORZ
«H[FKDQJHRILQIRUPDWLRQRUJRRGVSRWHQWLDOPHWDFRJQLWLYHVFDIIROG
x S2LQVWUXFWLRQDOSKDVHPRGHOGHVFULELQJWKHVHTXHQFHRISKDVHVWREHFRPSOHWHGGXULQJPRGHOOLQJVHWWLQJWKH
VWDJH!LQGLYLGXDODUWLFXODWLRQ!FROODERUDWLYHDOLJQPHQWSRWHQWLDOVWUDWHJLFVFDIIROG
x S3WH[WXDOGHVFULSWLRQRIPRGHOOLQJSURFHGXUHIRUDOOSKDVHVWREHXVHGE\IDFLOLWDWRUIRUJXLGDQFHSRWHQWLDO
SURFHGXUDOVFDIIROG
x S4JUDSKLFDOWHPSODWHIRUVWUXFWXULQJPRGHODUWLFXODWLRQDQGDOLJQPHQWXVLQJWKHVDPHFRORUFRGLQJDV6
LQGLFDWLQJKRZWRSODFHPRGHOOLQJHOHPHQWVWREHXVHGE\SDUWLFLSDQWVSRWHQWLDOSURFHGXUDOVFDIIROG
)LJ3KDVHVRIXVHGPRGHOOLQJPHWKRG
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x S5VDPSOHPRGHOVJLYLQJFRQFUHWHH[DPSOHVIRUSRWHQWLDOUHVXOWVIRUDOOPRGHOOLQJSKDVHVWREHSURYLGHGWR
SDUWLFLSDQWVSRWHQWLDOPHWDFRJQLWLYHVFDIIROG
x S6WH[WXDOO\VSHFLILHGDLPVDQGUXOHVRQKRZWRFROODERUDWLYHO\FUHDWHWKHPRGHOLQSKDVHWREHSURYLGHGWRWKH
SDUWLFLSDQWVSRWHQWLDOVWUDWHJLFVFDIIROG
4.2. Cases 
7KHPRGHOOLQJODQJXDJHDQGWKHSRWHQWLDOVFDIIROGVGHVFULEHGDERYHDUHXVHGDVWKHIRXQGDWLRQIRUDOOFDVHVLQWKH
FDVHVWXG\7KHFDVHVGLIIHULQZKLFKVFDIIROGVDFWXDOO\ZHUHGHSOR\HGDQGWRZKLFKWKHSULQFLSOHVRIVFDIIROGLQJZHUH
IROORZHG7KH\ZLOOEHGHVFULEHGLQWKHIROORZLQJVHFWLRQ
7KHFDVHVKDYHDOOEHHQFDUULHGRXWLQWKHFRXUVHRIYRFDWLRQDOWUDLQLQJSURJUDPVWKDWZHUHFRQGXFWHGLQWKHFRQWH[W
RIWKH(XURSHDQ8QLRQIXQGHG/HRQDUGRGD9LQFL3URMHFW)$5$:KWWSZZZIDUDZHX2YHUDOOZRUNVKRSV
KDYHEHHQGRFXPHQWHGXVLQJWKHPHWKRGRORJ\GHVFULEHGDERYH
7KHDLPRIDOOGRFXPHQWHGZRUNVKRSVZDVWRSURYLGHRSHUDWLYHSHUVRQQHOZLWKLQLWLDOH[SHULHQFHVWRH[SOLFLWO\
UHIOHFWRQWKHLUGDLO\ZRUNSUDFWLFHVDQGWKHLUFROODERUDWLRQZLWKRWKHUV1RQHRIWKHSDUWLFLSDQWVLQHLWKHUZRUNVKRS
KDGSULRUH[SHULHQFHVZLWKFRQFHSWXDOPRGHOOLQJRURWKHUIRUPVRIH[SOLFLWDUWLFXODWLRQDQGDOLJQPHQWRINQRZOHGJH
DERXWZRUNSURFHVVHV'DWDFROOHFWLRQZDVFDUULHGRXWE\WKHSULQFLSDOLQYHVWLJDWRURIWKHSURMHFWDQGVXSSRUWVWDII
ZKRDFWHGDVREVHUYHUV LQDOOFDVHV7KHZRUNVKRSVZHUHYLGHRWDSHGIRU ODWHUDQDO\VLVRI WKHDUWLFXODWLRQDQG
DOLJQPHQWSURFHVVHV7KHPRGHOOLQJUHVXOWVLQDOOVWHSVRIWKHPHWKRGRORJ\ZHUHGRFXPHQWHGDVSKRWRV
4.2.1. Case Selection 
7KUHHFDVHVKDYHEHHQVHOHFWHGRXWRIWKHGRFXPHQWHGFDVHV7KHWKUHHFDVHVZHUHVHOHFWHGWRUHSUHVHQWDGLYHUVH
VHWRIGHSOR\HGVFDIIROGVDQGGLIIHUHQWVFDIIROGLQJVWUDWHJLHVGHSOR\HGE\WKHZRUNVKRSIDFLOLWDWRUV7KH\WKXVJLYHD
FRPSUHKHQVLYHRYHUYLHZDERXWWKHREVHUYHGSKHQRPHQD
x Case 1GHVFULEHVWKHPHWKRGEHLQJXVHGWRUHIOHFWRQWKHZRUNWREHFDUULHGRXWRQWKHILUVWGD\RILQWHUQVKLSLQD
FDUHKRPHIRUWKHHOGHUO\7KHSDUWLFLSDQWVZHUHUHFUXLWHGLQDYRFDWLRQDOWUDLQLQJSURJUDPRQFDUHIRUWKHHOGHUO\
LQ$XVWULDZKLFKLVPDLQO\WDNHQE\DGXOWVDVDVHFRQGFKDQFHHGXFDWLRQ6WXGHQWVVFKRROVXSHUYLVRUVDQG
UHSUHVHQWDWLYHVRIWKHFDUHKRPHVUHIOHFWHGRQWKHSURFHVV,WZDVFRQGXFWHGE\SDUWLFLSDQWVZRUNLQJLQWZR
JURXSV7KHDJHRIWKHSDUWLFLSDQWVUDQJHGEHWZHHQDQGDQGHLJKWSDUWLFLSDQWVZHUHIHPDOHDQGWKUHHZHUH
PDOH7KHZRUNVKRSZDVIDFLOLWDWHGE\WZRWUDLQHUVRIWKHYRFDWLRQDOWUDLQLQJVFKRROZKRKDGSDUWLFLSDWHGLQD
PHWKRGVSHFLILFIDFLOLWDWRUWUDLQLQJHYHQWSUHYLRXVO\7KHIROORZLQJVFDIIROGVZHUHXVHG66DOOSKDVHV
LPSOHPHQWHG6IDFLOLWDWRUGLGQRWHQIRUFHSURFHGXUHEXWVXSSRUWHGRQGHPDQG6VDPSOHPRGHOVXVHGE\
IDFLOLWDWRUGXULQJLQWURGXFWLRQRISKDVHV6
x Case 2LVWDNHQIURPLQGXVWULDOSURGXFWLRQ7KHPHWKRGZDVXVHGWRDUWLFXODWHDQGDOLJQPHQWDOPRGHOVRQWKH
FROODERUDWLYHZRUNSURFHVVIRUWRROSURGXFWLRQIRUDIOH[LEOHPDQXIDFWXULQJFHOO7KHSDUWLFLSDQWVZHUH
WRROPDNHUVDFWLYHLQDIDFWRU\LQ6ORYHQLD$OOSDUWLFLSDQWVKDGSUDFWLFDOH[SHULHQFHVZLWKWKHWRROSURGXFWLRQ
SURFHVVIURPDQRSHUDWLRQDOSHUVSHFWLYH(OHYHQSDUWLFLSDQWVFRQWULEXWHGWRWKHZRUNVKRSUHYLHZHGLQWKLVFDVH
DOORIZKRPZHUHPDOHDQGZLWKDQDJHUDQJHRIWR7KHZRUNVKRSZDVIDFLOLWDWHGE\DIRUHPDQZKRDOVR
ZDVUHVSRQVLEOHIRUWKHFRPSDQ\¶VWUDLQLQJRQWKHMRESURJUDP7KHIRUHPDQZDVDGRPDLQH[SHUWLHZDVD
WRROPDNHUKLPVHOIDQGKDGSDUWLFLSDWHGLQDIDFLOLWDWRUWUDLQLQJHYHQWSUHYLRXVO\7KHIROORZLQJVFDIIROGVZHUH
XVHG66DOOSKDVHVLPSOHPHQWHG6IDFLOLWDWRUGLGHQIRUFHSURFHGXUHDQGFKDXIIHXUHGFROODERUDWLYH
FRQVROLGDWLRQ6SURYLGHGWRSDUWLFLSDQWVDQGWREHXVHPDQGDWRU\LQSKDVHVDQG
x Case 3ZDVFDUULHGRXWLQWKHFRQWH[WRIDYRFDWLRQDOHGXFDWLRQSURJUDPIRUVRFLDOZRUNHUVLQWKH1HWKHUODQGV
7KHPHWKRGZDVXVHGDVDSDUWRIDUHIOHFWLRQZRUNVKRSRQWKHSUDFWLFDOH[SHULHQFHVWKHVWXGHQWVJDLQHGGXULQJ
DQLQWHUQVKLSLQVWUHHWZRUNIDFLOLWLHV$OOVWXGHQWVUHFHLYHGSUDFWLFDOH[SHULHQFHRUJDQL]LQJDVWUHHWGDQFH
ZRUNVKRSIRUGLVDGYDQWDJHG\RXQJSHRSOHDQGXVHGWKHPHWKRGWRUHIOHFWRQWKHSURFHVVRIRUJDQL]DWLRQ7KH
SDUWLFLSDQWVDJHGEHWZHHQDQGDQGKDGFRPSOHWHGWKHVHFRQG\HDURIWKHLUWKUHH\HDUHGXFDWLRQDOSURJUDP
2QHRIWKHPZDVPDOHZKLOVWWKHUHPDLQLQJVL[ZHUHIHPDOH7KHZRUNVKRSIDFLOLWDWRUVZHUHVRFLDOZRUNHUV
WKHPVHOYHVEHLQJDFWLYHDVGRPDLQH[SHUWWHDFKHUVLQWKHVFKRRO7KH\KDGQRWSDUWLFLSDWHGLQDIDFLOLWDWRU
WUDLQLQJHYHQWEHIRUHWKHLUZRUNVKRSVDQGSUHSDUHGWKHLUZRUNVKRSLPSOHPHQWDWLRQEDVHGWKHPDWHULDOVSURYLGHG
DVVFDIIROGV7KH\RQO\LPSOHPHQWHGWKHWKLUGSKDVHRIWKHPHWKRGRPLWWLQJÄVHWWLQJWKHVWDJH³DQGÄLQGLYLGXDO
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DUWLFXODWLRQ³1RSURFHGXUHZDVSURSRVHGWRWKHSDUWLFLSDQWDQGQRJXLGDQFHZDVSURYLGHG2QO\WKHREMHFWLYHVRI
PRGHOOLQJDQGWKHIXQGDPHQWDOUXOHVIRUSKDVHZHUHFRPPXQLFDWHG&RQVHTXHQWO\WKHIROORZLQJVFDIIROGV
ZHUHXVHG66
,QWKHIROORZLQJZHGHVFULEHWKHHPSLULFDOPHWKRGVXVHGWRDQDO\]HWKHVHFDVHV
4.3. Methodology 
7KH WZR SURSRVLWLRQV FDOO IRU DQ HPEHGGHG FDVHVWXG\ GHVLJQ LQZKLFK WKH UHOHYDQW DVSHFWV RI WKH FDVHV DUH
H[DPLQHGFRKHUHQWO\XVLQJWKHVDPHVHWRIHPSLULFDOPHWKRGVIRUHDFKFDVH,QWKHIROORZLQJZHGHVFULEHWKHHPSLULFDO
PHWKRGVVHOHFWHGIRUDVVHVVLQJWKHUHVHDUFKSURSRVLWLRQV6HOHFWLRQRIWKHPHWKRGVLVEDVHGRQWKHUHTXLUHPHQWVRQ
GDWDFROOHFWLRQLGHQWLILHGDERYH
4.3.1. Analysis of collaboration process 
7RPDNHYLVLEOHWKHHIIHFWVRIVFDIIROGLQJRQLQWHUDFWLRQLQWKHFRXUVHRIDFROODERUDWLRQSURFHVVLWLVQHFHVVDU\WR
DQDO\]HWKHODWWHUZLWKUHVSHFWWRWKHGLIIHUHQWTXDOLWLHVLQLQWHUDFWLRQQHFHVVDU\WRDUFKLYHDFRPPRQXQGHUVWDQGLQJ
$VKDVEHHQVKRZQLQRXUUHFHQWUHVHDUFKDYDULDQWRIGLVFRXUVHDQDO\VLVSURSRVHGE\:HLQEHUJHU	)LVFKHUFDQ
EHXVHGIRUWKLVSXUSRVH
,QRUGHUWRDSSO\WKHDSSURDFKRI:HLQEHUJHU	)LVFKHUWKHPRGHOOLQJSURFHVVQHHGVWREHVHSDUDWHGLQWRGLVWLQFW
VHJPHQWVWKDWFDQEHHYDOXDWHGZLWKUHVSHFWWRWKHGLIIHUHQWGLPHQVLRQVRILQWHUDFWLRQ2XUDGDSWDWLRQRIPHWKRGUHOLHV
RQDQDQDO\VLVRIYLGHRUHFRUGLQJVRIFROODERUDWLYHZRUNVKRSV&RQVHTXHQWO\WKRVHUHFRUGLQJVDUHVHJPHQWHGDORQJ
WKHREVHUYDEOHWRSLFVRIGLVFRXUVH3XWWLQJWKHVHJPHQWVLQWRUHODWLRQVKLSVZLWKWKHXVHRIWKHSURYLGHGVFDIIROGV
DOORZVWRH[DPLQHWKHLULPSDFWTXDOLWDWLYHO\
7KHLQWHUDFWLRQRIWKHLQYROYHGDFWRUVLVDVVHVVHGLQWKHIROORZLQJGLPHQVLRQV
x 7KHparticipation dimensionUHIHUVWRWKHTXDQWLW\RIFRQWULEXWLRQVGLIIHUHQWSHRSOHPDNH7KLVLQFOXGHVWKH
TXDQWLW\RISDUWLFLSDWLRQE\HDFKSDUWLFLSDQWDQGWKHKHWHURJHQHLW\RISDUWLFLSDWLRQ
x 7KHepistemic dimensionUHIHUVWRWKHTXDOLW\RIFRQWULEXWLRQVGLIIHUHQWSHRSOHPDNH$QLQLWLDOGLVWLQFWLRQLV
PDGHEHWZHHQRQDQGRIIWDVNGLVFRXUVHV2QWDVNGLVFRXUVHLVIXUWKHUGLVWLQJXLVKHGLQVWDWHPHQWVWKDWDUHPDGH
DUHJDUGLQJWKHFXUUHQWSUREOHPVSDFHLHWKHLVVXHFXUUHQWO\DUWLFXODWHGEWKHFRQFHSWXDOVSDFHLH
WKHRUHWLFDOFRQVLGHUDWLRQVDERXWWKHLVVXHVDWKDQGFUHODWLRQVKLSVEHWZHHQSUREOHPDQGFRQFHSWXDOVSDFHDQG
WKHLUDGHTXDF\DQGGUHODWLRQVKLSVEHWZHHQWKHSUREOHPVSDFHDQGSULRUNQRZOHGJH
x 7KHargumentative dimensionJRHVEH\RQGWKHTXDOLW\RIFRQWULEXWLRQVDQGIRFXVVHVRQSUREOHPLQTXLU\DQG
UHVROXWLRQ,WLQLWLDOO\IRFXVVHVRQWKHLGHQWLILFDWLRQDQGFODVVLILFDWLRQRIFODLPVPDGHE\WKHSDUWLFLSDQWV&ODLPV
DUHGLVWLQJXLVKHGDFFRUGLQJWRZKHWKHUWKH\DUHDTXDOLILHGLHH[SOLFLWO\OLPLWHGLQWKHLUYDOLGLW\E
JURXQGHGFTXDOLILHGDQGJURXQGHGRUKDYHGQHLWKHUDOLPLWDWLRQLQYDOLGLW\QRUDQ\JURXQGLQJZDUUDQWLQJ
WKHFODLP
x 7KHsocial-modes of co-constructionGLPHQVLRQUDWHVWKHREVHUYHGGLVFRXUVHZLWKUHVSHFWWRKRZWKHSDUWLFLSDQWV
ZRUNRQWKHWDVNDQGIRUPXODWHDUJXPHQWVWRJHWKHU'LVFRXUVHKHUHLVGLVWLQJXLVKHGLQWRSKDVHVWKDWIRFXVRQD
H[WHUQDOL]DWLRQRIWKRXJKWVEHOLFLWDWLRQE\TXHVWLRQLQJRUSURYRNLQJUHDFWLRQVDQGFRQVHQVXVEXLOGLQJ
&RQVHQVXVEXLOGLQJFDQDJDLQWDNHGLIIHUHQWIRUPVFFRQIOLFWRULHQWHGFRQVHQVXVEXLOGLQJSUHVHQWVSDUWLFLSDQWV
ZLWKDFULWLTXHDQGUHTXLUHVPXWXDODVVHVVPHQWDQGDGDSWDWLRQRIWKHLUSRVLWLRQV,QFRQWUDVWGLQWHJUDWLRQ
RULHQWHGFRQVHQVXVEXLOGLQJLVFKDUDFWHUL]HGE\DWDNHRYHURISRVLWLRQVPRGLI\LQJSRVLWLRQVEDVHGRQWKHLQSXW
RIRWKHUSDUWLFLSDQWV4XLFNFRQVHQVXVEXLOGLQJHGRHVQRWFRQWULEXWHWRNQRZOHGJHFRQVWUXFWLRQDQGLV
FKDUDFWHUL]HGE\DQDFFHSWDQFHRIRWKHUSRVLWLRQVLQRUGHUWRPRYHRQ

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7KHVHGLPHQVLRQVDGGUHVVGLIIHUHQWDVSHFWVRIKRZSHRSOHUHDFKDFRPPRQXQGHUVWDQGLQJDERXWDSUREOHP,QWKH
FRQWH[WRIWKHSUHVHQWFDVHVWXG\WKHSDUWLFLSDQWV¶FRQWULEXWLRQVDUHFODVVLILHGDORQJWKHVHGLPHQVLRQV7KHSUHVHQFH
RIDFHUWDLQTXDOLW\LVUDWHGELQDU\SHUVHJPHQW7KLVPHDQVWKDWHDFKTXDOLW\WKDWKDVEHHQREVHUYHGDWDQ\WLPHLQD
VHJPHQWLVUHFRUGHGDVEHLQJSUHVHQWLQWKLVUHVSHFWLYHVHJPHQW7KHTXDOLWLHVIRUHDFKGLPHQVLRQFRQVHTXHQWO\DUH
QRWPXWXDOO\H[FOXVLYHSHUVHJPHQW
7KH LGHQWLILHG TXDOLWLHV SHU VHJPHQW DQG GLPHQVLRQ DUH YLVXDOL]HG LQ WKH ILQDO DJJUHJDWLRQ VWHS WR DOORZ IRU
LGHQWLILFDWLRQ RI UHODWLRQVKLSV EHWZHHQ WKH GLPHQVLRQV )LJXUH  VKRZV WKH GHYHORSHG YLVXDOL]DWLRQ7KH GDWD DUH
SUHVHQWHGDORQJDKRUL]RQWDO WLPHOLQH WKDWDGGLWLRQDOO\VKRZV WKH LGHQWLILHGVHJPHQWVDQG WKHLUGXUDWLRQ)RUHDFK
VHJPHQW WKH REVHUYHG TXDOLWLHV DUH SUHVHQWHG SHU DQDO\WLFDO GLPHQVLRQ VWDFNHG RQ WKH YHUWLFDO D[LV $ VROLG EDU
LQGLFDWHVWKDWWKHKRUL]RQWDOO\DOLJQHGTXDOLW\KDVEHHQREVHUYHGLQWKHUHVSHFWLYHVHJPHQW
)RUGLVFXVVLRQRI WKH UHVXOWV RQO\ WKHYLVXDOL]DWLRQ LV LQFOXGHG DQGTXDOLWDWLYHO\GLVFXVVHG LQ WKLVSDSHU+LJK
TXDOLW\ RI DOLJQPHQW DFWLYLWLHV VKRXOG EH LQGLFDWHG E\ D ODUJH DPRXQW RI JURXQGHG DQG TXDOLILHG FODLPV LQ WKH
DUJXPHQWDWLYH GLPHQVLRQ DQG SKDVHV RI FRQIOLFWRULHQWHG RU LQWHJUDWLRQRULHQWHG FRQVHQVXVEXLOGLQJ LQ WKH VRFLDO
PRGHV RI FRFRQVWUXFWLRQ 7KH SDUWLFLSDWLRQ GLPHQVLRQ VKRXOG VKRZ KHWHURJHQHRXV LQYROYHPHQW RI VHYHUDO
SDUWLFLSDQWV ZKHQHYHU WKH TXDOLWLHV GHVFULEHG DERYH DUH REVHUYHG 7KH HSLVWHPLF GLPHQVLRQ VKRXOG VKRZ ULVLQJ
QXPEHUVRI VWDWHPHQWVRQ WKH FRQFHSWXDO VSDFH DVSDUWLFLSDQWV DFTXLUH FRQFHSWXDOPRGHOOLQJ VNLOOV+RZHYHU WKH
EHKDYLRU LQ WKLVGLPHQVLRQ LV LQIOXHQFHGE\ WKHFKRVHQPRGHOOLQJ ODQJXDJHDQG WKXV LVQRWFRQVLGHUHG IRU IXUWKHU
DQDO\VLVKHUH
4.3.2. Analysis of articulation outcome 
7KHFROODERUDWLYHO\FUHDWHGPRGHOLVDQDO\]HGZLWKUHVSHFWWRZKHWKHULWUHVHPEOHVWKHPRGHOVWUXFWXUHVRXWOLQHVLQ
6GHVFULEHGLQGHWDLOLQ6DQGH[HPSOLILHGLQ6)XUWKHUPRUHWKHXVHRIWKHVHPDQWLFW\SHVRIPRGHOHOHPHQWV
SURSRVHGYLD6LVFKHFNHG
5HVHPEODQFHRIWKHPRGHOOLQJOD\RXWUXOHVKDVEHHQFKHFNHGEDVHGRQWKHGHVFULSWLRQVSURYLGHGLQ66DQG6
7KHDGDSWDWLRQRIWKHVHPDQWLFVRIWKHPRGHOOLQJODQJXDJHHOHPHQWVKDVEHHQDVVHVVHGXVLQJPHWKRGVRITXDOLWDWLYH
FRQWHQW DQDO\VLV 7KHPRGHO HOHPHQWVZHUH VHPDQWLFDOO\ FODVVLILHG XVLQJ D FRGH ERRNZKLFKZDV JHQHUDWLYHO\
FUHDWHGIURPDVHWRIVDPSOHPRGHOVDQG LWHUDWLYHO\UHYLVHG LIQHFHVVDU\8VLQJ WKHSUHVSHFLILHGVHWRIPRGHOOLQJ
HOHPHQWVIRUFODVVLILFDWLRQZRXOGEHLQYDOLGKHUHDVLWZRXOGSUHYHQWWKHLGHQWLILFDWLRQRIVHPDQWLFGHYLDWLRQV7KH
)LJ&RGLQJ6FKHPHIRU,QWHUDFWLRQ$QDO\VLV
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LQWHUUDWHUUHOLDELOLW\RIWKHFRGHERRNZDVDVVHVVHGXVLQJ&RKHQ
V.DSSD7KHILUVWUHYLVLRQRIWKHFRGHERRNOHGWRD
YDOXH RI  ZKHQ DSSOLHG WR D VHW RI UHSUHVHQWDWLYH VDPSOH PRGHOV $IWHU D UHYLVLRQ DQG FODULILFDWLRQ RI WKH
FODVVLILFDWLRQDQRWKHUVHWRIVDPSOHPRGHOVZHUHLQGHSHQGHQWO\FODVVLILHGE\WZRUDWHUVUHDFKLQJDYDOXHRIIRU
&RKHQ
V.DSSD7KHFRGHERRNZDVWKHQXVHGE\WKHUDWHUVWRFODVVLI\WKHPRGHOVSURGXFHGDVUHVXOWVRIWKHZRUNVKRSV
)RUDVVHVVPHQWRIDGHTXDWHXVHRIWKHPRGHOOLQJODQJXDJHFRQVWUXFWVWKHUHVXOWVRIFODVVLILFDWLRQZHUHFRPSDUHGZLWK
WKHRULJLQDOO\SURSRVHGVHPDQWLFVRIWKHPRGHOOLQJODQJXDJHFRQVWUXFWV
7KHFROOHFWHGUDZGDWDZDVDQDO\]HGE\JUDSKLFDOO\UHSOLFDWLQJWKHOD\RXWRIWKHFUHDWHGPRGHOZLWKDEVWUDFWHG
PRGHOHOHPHQWVFI)LJXUH7KHEOXHHOHPHQWVZKR"VHUYLQJDVDQDQFKRUSRLQWIRU WKHRWKHUHOHPHQWVZHUH
QXPEHUHG FRQVHFXWLYHO\ 7KH UHG HOHPHQWV ZKDW" DVVLJQHG WR D EOXH HOHPHQW LI LGHQWLILDEOH ZHUH QXPEHUHG
FRQVHFXWLYHO\ VWDUWLQJ IURP WKH HOHPHQW SODFHG QHDUHVW WR WKH DFFRUGLQJ EOXH HOHPHQW SURJUHVVLQJ RXWZDUGV
1XPEHULQJIROORZVWKHVFKHPH³Q[´ZKHUH³Q´LVWKHQXPEHURIWKHEOXHHOHPHQWDQG³[´LVWKHQXPEHURIWKHUHG
HOHPHQW <HOORZ HOHPHQWV ZHUH QXPEHUHG IROORZLQJ WKH VFKHPH ³QP\´ ZKHUH ³Q´ DQG ³P´ LQGLFDWH WKH WZR
FRQQHFWHGEOXHHOHPHQWVDQG³\´LVWKHQXPEHURIWKH\HOORZHOHPHQW)RUFODVVLILFDWLRQRIWKHHOHPHQWVHPDQWLFVD
OHJHQGZDVFUHDWHGIRUHDFKPRGHO7KHOHJHQGLQGLFDWHVKRZWKHODQJXDJHFRQVWUXFWVZHUHVHPDQWLFDOO\XVHGLQWKH
PRGHO,IGLIIHUHQWVHPDQWLFVZHUHXVHGIRURQHODQJXDJHFRQVWUXFWZKLFKLVFRPPRQIRU\HOORZHOHPHQWVZKLFKFDQ
UHIHUWRLQIRUPDWLRQGRFXPHQWVPDWHULDOVHWFWKH\ZHUHGLIIHUHQWLDWHGXVLQJGLIIHUHQWO\VKDSHGRXWOLQHV(OHPHQWV
WKDWZHUHVHPDQWLFDOO\IXQGDPHQWDOO\GLIIHUHQWIURPWKHUHPDLQGHURIWKHPRGHOHOHPHQWVRIWKHVDPHHOHPHQWW\SH
DUHH[SOLFLWO\PDUNHGDQGOLVWHGVHSDUDWHO\EHORZWKHOHJHQG(OHPHQWVWKDWFRXOGQRWEHDVVLJQHGDQXPEHUDFFRUGLQJ
WR WKHVFKHPHDERYHEHFDXVHRIDPELJXRXV OD\RXWDUHDVVLJQHGDVLQJOH$UDELFQXPHUDO IRUXQLTXH LGHQWLILFDWLRQ
)LJXUHJLYHVDQH[DPSOHRIDQDQDO\]HGPRGHOOHIWOHJHQGLQFOXGLQJOLVWRIVHPDQWLFDOO\LQFRUUHFWO\W\SHGHOHPHQWV
ULJKWSDUWRIWKHUHSOLFDWHGPRGHOOD\RXW
6FDIIROGLQJFDQEHFRQVLGHUHGWREHVXFFHVVIXOLILWVRXWFRPHIROORZVWKHVWUXFWXULQJJXLGHOLQHVVHWIRUWKLQWKH
VWUXFWXUHRULHQWHGVFDIIROGV66DQG6,QDGGLWLRQWKHVHPDQWLFVLQGLFDWHGLQ6VKRXOGKDYHEHHQDGKHUHGWRWKH
UHVXOWLQJPRGHO
5HVXOWV
,Q WKH IROORZLQJ ZH GHVFULEH WKH UHVXOWV RI DQDO\VLV IRU HDFK FDVH (DFK FDVH ILUVW LV GHVFULEHG UHJDUGLQJ LWV
LQWHUDFWLRQSURFHVVIROORZHGE\WKHRXWFRPHRIWKHZRUNVKRS:HFORVHWKLVVHFWLRQZLWKDVXPPDU\RIRXUILQGLQJV
LQWKHOLJKWRIWKHUHVHDUFKSURSRVLWLRQVIRUPXODWHGDERYH
5.1. Case 1 
7KHILUVWFDVHZDVFRQGXFWHGLQDQ$XVWULDQYRFDWLRQDOWUDLQLQJVFKRROIRUDGXOWVEHLQJHGXFDWHGDVFDUHUVIRUWKH
HOGHUO\DVGHVFULEHGDERYH
)LJ&RGLQJ6FKHPHIRU$QDO\VLVRI0RGHOOLQJ5HVXOWV
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5.1.1. Articulation Process 
7KHUHFRUGHGFROODERUDWLYHVHVVLRQODVWHGPLQXWHVDQGVHFRQGVFI)LJXUH,QWKLVGXUDWLRQVHJPHQWV
ZHUHLGHQWLILHGZLWKOHQJWKVUDQJLQJEHWZHHQDQGVHFRQGVPHGLDQ VHF7ZRRIWKHVHVHJPHQWVFRQWDLQ
RIIWRSLFLQWHUDFWLRQVDVLGHQWLILHGDVSDUWRIWKHHSLVWHPLFDQDO\VLVRYHUDOOODVWLQJRQHPLQXWH

)RXUEORFNVRI VHJPHQWVFDQEH LGHQWLILHG LQ WKLVZRUNVKRS6HJPHQWVZHUH ODUJHO\GHGLFDWHG WR ILQGLQJD
FRPPRQXQGHUVWDQGLQJRIWKHVFRSHRIWKHSURFHVVZKLFKLVLQGLFDWHGE\DODUJHQXPEHURIDFWLYHSDUWLFLSDQWVDQGD
QXPEHURIUHIHUHQFHVEDFNWRJHQHULFNQRZOHGJHDERXWWKHZRUNSURFHVV6RFLDOLQWHUDFWLRQIRFXVHVRQH[WHUQDOL]DWLRQ
DQGHOLFLWDWLRQDFWLYLWLHVZLWKRFFDVLRQDOFRQVHQVXVEXLOGLQJDFWLYLWLHV
6HJPHQWVFRYHU WKHSKDVHRI LQGLYLGXDOSDUWLFLSDQWVDUWLFXODWLQJ WKHLU LQGLYLGXDOFRQWULEXWLRQV WR WKHZRUN
SURFHVV7KLVEORFNLVFKDUDFWHUL]HGE\VHTXHQWLDODFWLYLWLHVRIDORZQXPEHURISDUWLFLSDQWV7KHSDUWLFLSDQWVIRFXVHG
RQUHODWLQJWKHLUVWDWHPHQWVWRWKHLUJHQHULFGRPDLQNQRZOHGJHDQGFRQVHTXHQWO\SXWPXFKHIIRUWLQJURXQGLQJWKHLU
FODLPVDQGH[SOLFLWO\OLPLWLQJWKHLUYDOLGLW\
6HJPHQWVUHSUHVHQWDSKDVHRIUHYLVLWLQJWKHLQLWLDOO\DUWLFXODWHGPRGHODQGDUHFKDUDFWHUL]HGE\UHDUUDQJLQJ
RIWKHPRGHOWRUHIOHFWWKHRXWFRPHVRIWKHFRQVHQVXVEXLOGLQJDFWLYLWLHVKDSSHQLQJLQSDUDOOHO6HJPHQWVKRZV
LQYROYHPHQWRIDODUJHQXPEHURISDUWLFLSDQWVZKLFKLVGXHWRDSKDVHRIFROODERUDWLYHUHIOHFWLRQRIWKHDUWLFXODWHG
PRGHO7KLVHYROYHVLQWRDGLDORJXHEHWZHHQWZRSDUWLFLSDQWVLQWKHODWHUVHJPHQWVZKRWRRNLQLWLDWLYHDQGWULHGWR
LGHQWLI\VWLOOXQFOHDUDVSHFWVYLDFRQVHQVXVRULHQWHGDUJXPHQWDWLYHPRYHV
7KH ILQDO EORFN EHJDQ LQ VHJPHQW  WKXV RYHUODSSLQJ WKH IRUPHU PDFURVHJPHQW DQG FRYHUV WKH SKDVH RI
UHIOHFWLQJWKHLGHQWLILHGFODULILFDWLRQVE\DGGLQJIXUWKHUHOHPHQWVWRWKHPRGHOWRUHILQHLW7KHODVWVHJPHQWFRYHUVWKH
ZUDSXSVHVVLRQLQZKLFKDZDONWKURXJKZDVSHUIRUPHGXVLQJWKHILQDOPRGHO
5.1.2. Modelling Result 
)LJXUHVKRZVWKHWUDQVFULEHGPRGHOOLQJUHVXOWRIFDVH7KHPRGHOOLQJJXLGHOLQHVKDYHODUJHO\EHHQDSSOLHG
ZLWKVRPHDPELJXLW\LQWKHDVVLJQPHQWRI\HOORZHOHPHQWVWRUHGHOHPHQWVDQGRQH\HOORZHOHPHQWSODFHGLQ
OLQHZLWKWKHUHGHOHPHQWVRIEOXHHOHPHQW
)LJ,QWHUDFWLRQ$QDO\VLVRI&DVH
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7KHVHPDQWLFVRIWKHPRGHOOLQJODQJXDJHFRQVWUXFWVDUHXVHGFRQVLVWHQWO\ZLWKRQHH[FHSWLRQ(OHPHQWZDV
FKRVHQWREHD\HOORZHOHPHQWLQGLFDWLQJH[FKDQJHGLQIRUPDWLRQEXWVHPDQWLFDOO\ZDVXVHGWRGHVFULEHDQHYHQW
UHDGLQJWUDQVODWHGE\DXWKRU³LQLWLDOWUDLQLQJILQLVKHG´$VWKHPRGHOOLQJODQJXDJHGRHVQRWSURYLGHFRQVWUXFWVWR
GHVFULEHHYHQWVWKLVLVWREHFRQVLGHUHGDQH[WHQVLRQRIWKHODQJXDJHUDWKHUWKDQDQLQFRQVLVWHQWO\VHOHFWHGODQJXDJH
FRQVWUXFW 7KH \HOORZ HOHPHQWZDV XVHG LQ WKUHH GLIIHUHQWPHDQLQJV 7KH SDUWLFLSDQWVPRVWO\PRGHOHG GLUHFW EL
GLUHFWLRQDOFRPPXQLFDWLRQZKLFK LVFDUULHGRXWRUDOO\LH³FRQYHUVDWLRQV´,Q WZRFDVHVHOHPHQWVZLWKGDVKHG
RXWOLQHWKH\H[SOLFLWO\PRGHOHGWKHSDVVLQJRIGRFXPHQWVDQGLQRQHFDVHHOHPHQWZLWKGDVKGRWWHGRXWOLQHWKH\
FRQVLGHUHGWKHH[FKDQJHRIPDWHULDOVWREHUHOHYDQW
7KHDSSOLFDWLRQRIVFDIIROG6VKRXOGOHDGWRELQDU\VHWVRIPDWFKLQJ\HOORZHOHPHQWVRQHSURYLGHGE\WKHVHQGHU
DQGRQHSURYLGHGE\WKHUHFHLYHU7KLVSDWWHUQKRZHYHULVRQO\REVHUYDEOHLQRQHFDVHKHUHHOHPHQW7KH
RWKHUHOHPHQWVKDYHRQO\EHHQSURYLGHGE\RQHRIWKHSDUWLFLSDQWVEXWZHUHPXWXDOO\DFFHSWHG7KLVFDQEHDWWULEXWHG
WRWKHGLIIHUHQWOHYHOVRIGHWDLOXVHGE\WKHSDUWLFLSDQWVZKHQGHVFULELQJWKHLULQWHUDFWLRQ7KHSDUWLFLSDQWVUHSUHVHQWLQJ
WKH EOXH HOHPHQWV  DQG  LQ SDUWLFXODU GHVFULEHG WKHLU LQWHUDFWLRQZLWK RWKHUV LQPXFK GHWDLOZKHUHDV WKH RWKHU
SDUWLFLSDQWVUHPDLQHGPRUHDEVWUDFWDQGSURYLGHG\HOORZHOHPHQWVODEHOHG³FRQYHUVDWLRQ´IRUH[DPSOHZKLFKZHUH
QRW LQFOXGHG LQ WKHPRGHO GXULQJ FROODERUDWLYH FRQVROLGDWLRQ 7KH H[SHFWHG OD\RXW RIPDWFKLQJ HOHPHQWV FDQ EH
REVHUYHGIRUWKHEOXHHOHPHQWVZKHUHPDWFKLQJHOHPHQWVZHUHSK\VLFDOO\VWDFNHG7KHFRPPXQLFDWLRQKXERIWKH
ZRUNSURFHVVFDQEHYLVXDOO\LGHQWLILHGLQHOHPHQWZKLFKLVWREHH[SHFWHGFRQWHQWZLVHDVHOHPHQWUHSUHVHQWV
WKHLQWHUQZKRSURJUHVVHVWKURXJKWKHGLIIHUHQWGHSDUWPHQWVRIWKHFDUHKRPH
)LJ0RGHOOLQJ5HVXOWRI&DVH
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5.1.3. Impact of scaffolding 
2YHUDOOWKHGLVFRXUVHDQDO\VLVGHSLFWVDSURFHVVZKLFKLVUHSUHVHQWDWLYHIRUZRUNVKRSVWKDWDUHIDFLOLWDWHGXVLQJWKH
JXLGDQFHVFDIIROGVSHFLILHG LQ6PRVWO\RQGHPDQG LHRQO\SURYLGLQJDVVLVWDQFH WR WKHSDUWLFLSDQWVZKHQ WKH\
UHTXHVWLW$VWURQJHULQWHUYHQWLRQE\WKHIDFLOLWDWRURQO\ZDVQHFHVVDU\DIWHUWKHLQLWLDOSKDVHRIFRQVROLGDWLRQRII
WRSLFLQWHUDFWLRQLQVHJPHQWVZKHQSDUWLFLSDQWVZHUHXQVXUHKRZWRFRQWLQXHFRQVROLGDWLRQ6VDPSOHPRGHOV
ZDV GHSOR\HG WR SURYLGH VXSSRUW KHUH 7KH VXSSRUW YLD 6ZDV IDGHG VXEVHTXHQWO\ DQG LW ZDV WKH SDUWLFLSDQWV¶
UHVSRQVLELOLW\WRDVNIRUVXSSRUWZKHQUHTXLUHG+RZHYHUZLWKUHSHDWHGO\FRQVXOWLQJ6UXOHVDQGREMHFWLYHVWKH\
PDQDJHG WR FRPSOHWH WKH WDVN RQ WKHLU RZQ 7KH ORZ DPRXQW RI FRQVROLGDWLRQ DFWLYLWLHV GXULQJPRGHOOLQJ HJ
PDWFKLQJPRGHOHOHPHQWVDQGUHPRYLQJGXSOLFDWHVKRZHYHUZDVQRWH[SHFWHGJLYHQWKDWHOHPHQWFRQVROLGDWLRQLV
DQLQWHJUDOSDUWRIWKHPHWKRGRORJ\ZKHQVSHFLI\LQJWKHLQWHUIDFHVDPRQJWKHSDUWLFLSDQWVRIWKHZRUNSURFHVV,QWKH
SUHVHQWFDVHWKHODFNRIDOLJQPHQWDFWLYLWLHVFDQEHDWWULEXWHGWRWKHEHKDYLRURIWKHSDUWLFLSDQWVZKRXVHGGLIIHUHQW
OHYHOVRIGHWDLOZKHQGHVFULELQJ WKHLUZRUNFRQWULEXWLRQ DQG LQWHUDFWLRQZKLFK OHG WRFRPSOHPHQWDU\ UDWKHU WKDQ
FRQIOLFWLQJ\HOORZHOHPHQWV6WLOOLQWHUYHQWLRQYLD6PLJKWKDYHKHOSHGWRWULJJHUIXUWKHUDOLJQPHQWDFWLYLWLHVDVLGH
TXLFNFRQVHQVXVEXLOGLQJDQGOHGWRKLJKHULQYROYHPHQWRIPRUHSDUWLFLSDQWV
5.2. Case 2 
7KHVHFRQGFDVHZDVGRFXPHQWHG LQDZRUNVKRSFDUULHGRXW LQ WKHFRQWH[WRID WUDLQLQJVHVVLRQRQVKRSIORRU
ORJLVWLFVLQDQLQGXVWULDOSURGXFWLRQFRPSDQ\LQ6ORYHQLDDVGHVFULEHGDERYH
5.2.1. Articulation Process  
7KHUHFRUGHGFROODERUDWLYHVHVVLRQODVWHGPLQXWHVFI)LJXUHGXULQJZKLFKVHJPHQWVZHUHLGHQWLILHGZLWK
OHQJWKVEHWZHHQDQGVHFRQGVPHGLDQ VHF1RRIIWRSLFGLVFRXUVHZDVLGHQWLILHGDQGWKHHQWLUHVHVVLRQ
ZDVGHGLFDWHGWRGLVFXVVLQJWKHZRUNSURFHVV


7KUHHEORFNVRIVHJPHQWVFDQEHLGHQWLILHGLQWKLVZRUNVKRS
6HJPHQWV  FRYHU WKH SKDVH RI LQGLYLGXDO SDUWLFLSDQWV DUWLFXODWLQJ WKHLU LQGLYLGXDO FRQWULEXWLRQV WR WKHZRUN
SURFHVV7KHSDUWLFLSDQWVZHUHDFWLYHVHTXHQWLDOO\RQHDWDWLPHDQGIRFXVHGRQH[WHUQDOL]LQJWKHLUFRQFUHWHH[SHULHQFHV
ZLWKWKHZRUNSURFHVVHV
6HJPHQWVUHSUHVHQWDSKDVHRIUHYLVLWLQJWKHLQLWLDOYHUVLRQRIWKHFRPSOHWHPRGHODQGUHDUUDQJLQJHOHPHQWVIRU
FODULILFDWLRQ3DUWLFLSDQWVKHUHDOVRVHWWOHGRQWKHLULQWHUDFWLRQVVHTXHQWLDOO\LQDRQHWRRQHVHWWLQJ7KHVRFLDOPRGH
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RILQWHUDFWLRQLVVWLOOH[WHUQDOL]DWLRQDQGHOLFLWDWLRQDVQRXQFOHDUVLWXDWLRQVZHUHLGHQWLILHGWKDWZRXOGKDYHUHTXLUHG
UHVROXWLRQ
7KHILQDOEORFNVWDUWVLQVHJPHQWDQGLVGHGLFDWHGWRJHQHUDOL]LQJWKHPRGHOE\UHIHUULQJWRSULRUNQRZOHGJH
7KLVLVWKHRQO\EORFNWKDWVKRZVPRUHH[WHQVLYHFRQVHQVXVEXLOGLQJDFWLYLWLHVDVH[SHULHQFHVZLWKWKHZRUNSURFHVV
ZHUH IXQGDPHQWDOO\GLYHUJLQJDQG WKH IDFLOLWDWRU OHIW URRPWRDOLJQ WKHVHYLHZV$IWHU UHVROXWLRQRI WKHLUGLIIHUHQW
YLHZSRLQWVWKHSDUWLFLSDQWVFRQVROLGDWHGWKHPRGHODJDLQUHPRYLQJUHGXQGDQFLHVDQGILQDOO\FROODERUDWLYHO\UHYLVLWHG
WKHILQDOUHVXOWE\GLVFXVVLQJLWVWHSE\VWHS
5.2.2. Modelling Result 
)LJXUHVKRZVWKHWUDQVFULEHGPRGHOOLQJUHVXOWRIFDVH7KHPRGHOOLQJJXLGHOLQHVDUHDGKHUHGWRLQSULQFLSOH
7KHSDUWLFLSDQWVXVHGDUURZVWRLQGLFDWHH[SOLFLWO\WKHVRXUFHDQGWDUJHWHOHPHQWVRI\HOORZHOHPHQWV:KLOHWKLVLV
QRWSDUWRIWKHVFDIIROGVLWLVWREHFRQVLGHUHGDXVHIXOH[WHQVLRQWRDVVLJQXQDPELJXRXVO\\HOORZHOHPHQWVWRUHG
HOHPHQWV
7KHVHPDQWLFVRIWKHPRGHOOLQJODQJXDJHFRQVWUXFWVDUHXVHGFRQVLVWHQWO\LQDOOPRGHOHOHPHQWV7KHLJQRUDQFHRI
WKHVWUXFWXULQJVFDIIROG6WHPSODWHEHWZHHQHOHPHQWVDQGKRZHYHUFDQEHDWWULEXWHGWRDSHUFHLYHGODFNRI
H[SUHVVLYHQHVVRIWKHSURYLGHGPRGHOOLQJFRQVWUXFWV<HOORZHOHPHQWVZHUHVWULFWO\XVHGIRUH[SOLFLWO\SDVVHGDUWLIDFWV
VXFK DV GRFXPHQWV HOHPHQWV ZLWK GDVKHG RXWOLQH DQG PDWHULDO HOHPHQWV ZLWK GDVKGRWWHG RXWOLQH :KHQ WKH
SDUWLFLSDQWVZDQWHGWRH[SUHVVGLUHFWFRQYHUVDWLRQEHWZHHQEOXHHOHPHQWVDQGWKH\GLGQRWXVHD\HOORZHOHPHQW
DVLQFDVHEXWUDWKHUSODFHGWKHFRUUHVSRQGLQJUHGHOHPHQWVQH[WWRHDFKRWKHUHOHPHQWVDQG:KLOHWKH
PHDQLQJZDVFOHDUWRWKHSDUWLFLSDQWVWKHPRGHOODFNVDQH[SOLFLWUHSUHVHQWDWLRQRIWKLVFRQYHUVDWLRQ
6WDFNVRIPDWFKLQJHOHPHQWVDUHQRWSUHVHQWDWDOOLQWKHPRGHORIFDVH7KLVKRZHYHULVWREHDWWULEXWHGWRWKH
IDFLOLWDWRUZKRRQO\DFFHSWHGRQHVLQJOHFDUGIRUHDFKPRGHOHOHPHQWDQGRPLWWHGPDWFKLQJFDUGVIRUUHDVRQVRIFOHDU
YLVXDOL]DWLRQ7KHDPRXQWRIPDWFKLQJEOXHDQG\HOORZHOHPHQWVWKXVFDQQRWEHLGHQWLILHGLQWKHPRGHODQGFDQDOVR
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0RGHOOLQJ5HVXOWRI&DVH
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QRWEHGHULYHGIURPWKHYLGHRUHFRUGLQJVRIWKHZRUNVKRSDVSDUWLFLSDQWVVWRSSHGRIIHULQJPDWFKLQJFDUGVWRWKHRWKHUV
DIWHUWKHLQLWLDOLQWHUYHQWLRQRIWKHIDFLOLWDWRU
5.2.3. Impact of scaffolding 
2YHUDOOWKHGLVFRXUVHDQDO\VLVGHSLFWVDSURFHVVZKLFKLVUHSUHVHQWDWLYHIRUZRUNVKRSVWKDWDUHVWURQJO\JXLGHGDQG
IROORZLQJ WKHVFDIIROGV LVHQIRUFHG6LPLODU UHVXOWVKDYHEHHQREVHUYHG LQDOORWKHUFDVHV WKDWZHUHREVHUYHGZLWK
IDFLOLWDWLRQWKDWOHIW OLWWOHGHJUHHVRIIUHHGRP$VLQFDVHWKHORZDPRXQWRIFRQVROLGDWLRQDFWLYLWLHVLVQRWWREH
H[SHFWHGIURPDPHWKRGRORJLFDOSRLQWRIYLHZ,QWKHSUHVHQWFDVHWKLVFDQEHDWWULEXWHGWRWKHIDFLOLWDWRUZKRRQO\
DFFHSWHGRQHVLQJOHFDUGIRUHDFKPRGHOHOHPHQWDOUHDG\GXULQJDUWLFXODWLRQLHLQVHJPHQWEORFNDQGRPLWWHG
PDWFKLQJFDUGVIRUUHDVRQVRIFOHDUYLVXDOL]DWLRQ7KHVWURQJJXLGDQFHRIWKHIDFLOLWDWRUEDVHGRQ6DQGWKHPDQGDWRU\
XVHRI6PRGHOVWUXFWXULQJWHPSODWHVEDVLFDOO\OHDGWRWKHWDUJHWHGPRGHOOLQJUHVXOWLQWHUPVRIOD\RXWDQGDOVRWKH
LQWHUDFWLRQSURFHVV UHVHPEOHG WKH H[SHFWHGSKDVHV 6WLOO DOLJQPHQW DFWLYLWLHV UHPDLQXQGHUUHSUHVHQWHG WKURXJKRXW
PRVWRIWKHPRGHOOLQJVHVVLRQ2QO\LQWKHILQDOVHJPHQWVVWDUWLQJIURPVHJPHQWZKHQWKHLQLWLDOPRGHOYHUVLRQ
ZDVEDVLFDOO\ ILQLVKHGDQG WKH IDFLOLWDWRU IDGHG LWVJXLGDQFH ZKLFKZDVVWURQJO\ IRFXVHGRQEXLOGLQJ WKHPRGHO
LQYROYHPHQW RI SDUWLFLSDQWV ULVHV DQG KLJKHUTXDOLW\ DOLJQPHQW DFWLYLWLHV DUH REVHUYDEOH FI VRFLDO PRGH DQG
DUJXPHQWDWLYHGLPHQVLRQLQ)LJXUH
5.3. Case 3 
&DVHZDVWDNHQIURPDVHULHVRIZRUNVKRSVFRQGXFWHGLQDYRFDWLRQDOHGXFDWLRQVFKRROIRUVRFLDOZRUNHUVLQWKH
1HWKHUODQGVDVGHVFULEHGDERYH
5.3.1. Articulation Process 
7KHUHFRUGHGFROODERUDWLYHVHVVLRQODVWHGPLQXWHVDQGVHFRQGVFI)LJXUHGXULQJZKLFKVHJPHQWVZHUH
LGHQWLILHGZLWKOHQJWKVEHWZHHQDQGVHFRQGVPHGLDQ VHF7ZRRIWKHVHVHJPHQWVFRQWDLQRIIWRSLF
LQWHUDFWLRQVDVLGHQWLILHGDVSDUWRIWKHHSLVWHPLFDQDO\VLVRYHUDOOODVWLQJVHYHQPLQXWHVDQGVHFRQGV

7KUHHEORFNVRIVHJPHQWVFDQEHLGHQWLILHGLQWKLVZRUNVKRS6HJPHQWVZHUHODUJHO\GHGLFDWHGWRH[WHUQDOL]LQJ
UHOHYDQWPRGHOHOHPHQWVDQGFROOHFWLQJWKHPZLWKRXWGHILQLQJDQ\UHODWLRQVKLSVDPRQJWKHP$VQHLWKHUWKHVHWWLQJ
WKHVWDJHSKDVH QRU WKH LQGLYLGXDODUWLFXODWLRQSKDVH ZHUH LPSOHPHQWHG LQ WKH SUHVHQW FDVH GXH WR D ODFN RI
PHWKRGRORJLFDOJXLGDQFHE\WKHIDFLOLWDWRUFIEHORZPRVWRIWKHH[WHUQDOL]DWLRQDFWLYLWLHVXVXDOO\FRYHUHGLQWKHVH
SKDVHVZHUHFRYHUHGLQWKLVEORFN7KLVDOVRMXVWLILHVWKHORQJHUGXUDWLRQRIVHJPHQWVZKHQFRPSDUHGZLWKWKHRWKHU
FDVHV,QYROYHPHQWRIWKHSDUWLFLSDQWVZDVKLJKDQGZDVFKDUDFWHUL]HGE\DKLJKHIIRUWLQSURYLGLQJMXVWLILFDWLRQVIRU
WKHFRQWULEXWHGPRGHOHOHPHQWV
6HJPHQWVFRYHUWKHSKDVHRIRUGHULQJWKHHOHPHQWVMXVWDUWLFXODWHG3DUWLFLSDQWVKHUHGLVFXVVHGKRZWRDUUDQJH
WKHHOHPHQWVDQGSXWWKHPLQWRVSDWLDOUHODWLRQVKLSV7KHVHDFWLYLWLHVZHUHPDLQO\LQLWLDWHGE\WZRSDUWLFLSDQWVZKLOVW
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RWKHUV MRLQHG LQ DIWHU PHWKRGRORJLFDO TXHVWLRQV KDG EHHQ UHVROYHG LQ FRRSHUDWLRQ ZLWK WKH YLVLWLQJ SULQFLSDO
LQYHVWLJDWRUZKRDFWHGDVDQREVHUYHURIIWRSLFLQWHUDFWLRQLQVHJPHQW7KHUHTXHVWHGLQWHUYHQWLRQRIWKHSULQFLSDO
LQYHVWLJDWRUHQFRXUDJHGWKHSDUWLFLSDQWVLQWKHLUZD\RIDUWLFXODWLRQDQGFRQVROLGDWLRQDOWKRXJKLWGLGQRWIROORZWKH
SURFHGXUHVVSHFLILHGLQWKHPHWKRGJXLGHOLQHV$WWKHHQGRIVHJPHQWRQHSDUWLFLSDQWVWDUWHGWRDGGVWUXFWXUHEH\RQG
VSDWLDODUUDQJHPHQWE\FRQQHFWLQJWKHHOHPHQWVZLWKDUURZV7KLVZDVSLFNHGXSE\WKHRWKHUSDUWLFLSDQWVDQGVKLIWHG
WKHIRFXVWRWKHTXDOLW\RIWKHUHODWLRQVKLSVDPRQJWKHHOHPHQWV
7KHWRSLFRIUHODWLRQVKLSVZDVGLVFXVVHGLQWKHILQDOEORFNRIVHJPHQWVVWDUWLQJIURPVHJPHQW3DUWLFLSDWLRQ
GHFOLQHGDJDLQKHUHZKLOHDUJXPHQWDWLRQDERXWZKLFKUHODWLRQVKLSVDUHYDOLGXQGHUFHUWDLQFLUFXPVWDQFHVUHPDLQHG
KLJK,QDILQDOHIIRUW LQVHJPHQW WKHZKROHPRGHOZDVUHYLVLWHGFRRSHUDWLYHO\ WRUHDFKDFRQVHQVXVDERXW WKH
FRPPXQLFDWLRQFKDQQHOVWREHXVHGLQWKHZRUNSURFHVVFIVHFWLRQRQPRGHOOLQJUHVXOWEHORZ
5.3.2. Modelling Result  
)LJXUHVKRZVWKHWUDQVFULEHGPRGHOOLQJUHVXOWRIFDVH7KHVFDIIROGVDLPLQJDWVWUXFWXULQJPRGHOOLQJZHUHQRW
XVHGLQWKLVFDVH7KHPRGHOOD\RXWGRHVQRWDOORZWKHXQDPELJXRXVO\DVVLJQPHQWRIUHGHOHPHQWVWREOXHHOHPHQWV
DQG \HOORZ HOHPHQWV WR UHG HOHPHQWV 7KH SDUWLFLSDQWV XVHG DUURZV WR LQGLFDWH FDXVDO DQG WHPSRUDO FRQQHFWLRQV
EHWZHHQHOHPHQWVEXWGLGQRWIROORZDFRQVLVWHQWOLQNLQJDSSURDFK
7KHVHPDQWLFVRIEOXHHOHPHQWVZHUHXVHGFRQVLVWHQWO\ZKLOHUHGHOHPHQWVZHUHXVHGWRGHVFULEHZRUNDFWLYLWLHV
DVSURSRVHGEXWDOVRWRHQFRGHFRPPXQLFDWLRQDVWKHSDUWLFLSDQWVGHVFULEHGDFWLYLWLHVWKDWLQYROYHGLQWHUDFWLQJZLWK
RWKHUV7KLVLVFRQVLVWHQWZLWKQRWDVVLJQLQJUHGHOHPHQWVWRVLQJOHEOXHHOHPHQWVEXWUDWKHUSDUWLDOO\XVLQJWKHPDV
OLQNVEHWZHHQEOXHHOHPHQWVHJUHGHOHPHQWZKLFKDVDFRPPXQLFDWLRQDFWLYLW\FRQQHFWVZLWKEOXHHOHPHQWV
DQG  &RQVHTXHQWO\ FRPPXQLFDWLRQ ZDV QRW UHSUHVHQWHG XVLQJ \HOORZ HOHPHQWV 7KH QRZ VXSHUILFLDO \HOORZ
HOHPHQWVZHUHXVHGWRUHSUHVHQWLQWHUDFWLRQFKDQQHOVVXFKDV³HPDLO´RU³RUDOO\´HWF$QH[DPSOHRIWKHVHVHPDQWLFV
FDQEHIRXQGEHWZHHQEOXHHOHPHQWVDQGZKHUHWKHFRPPXQLFDWLRQDFWLYLW\UHSUHVHQWHGE\UHGHOHPHQWLVFDUULHG
RXWXVLQJWKHFRPPXQLFDWLRQFKDQQHOUHSUHVHQWHGE\\HOORZHOHPHQW
)ROORZLQJWKHDPELJXRXVXVHRIUHGHOHPHQWVIRUUHSUHVHQWLQJFRPPXQLFDWLRQDFWVWZRVHPDQWLFGHYLDWLRQVKDYH
DOVREHHQLQWURGXFHGZLWKUHGHOHPHQWVDQGZKLFKUHSUHVHQWH[FKDQJHGGRFXPHQWVDQGWKXVGRQRWILWLQWKH
FDVHVSHFLILFLQWHUSUHWDWLRQRIWKHPRGHOOLQJODQJXDJH
&RQWHQWZLVH WKH WUDQVFULEHGPRGHO GRHVQRW H[SRVH DQ\YLVLEOHKLQWV DW FRPPXQLFDWLRQKXEVRU FRRUGLQDWLRQ
DFWLYLWLHV:KHQXQWDQJOLQJWKHGUDZQDUURZVXVLQJFRPSXWHUDOJRULWKPVIRUJUDSKOD\RXWLQJLWEHFRPHVDSSDUHQW
)LJ0RGHOOLQJ5HVXOWRI&DVH
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WKDWWKHUROHUHSUHVHQWHGE\WKHUHGHOHPHQWLVWKHFHQWUDOSRLQWRIZRUNDQGFRPPXQLFDWLRQLQWKHZRUNSURFHVV
ZKLFKPDNHVVHQVHFRQWHQWZLVHDVWKHEOXHHOHPHQWUHSUHVHQWVWKHPDLQRUJDQL]HURIWKHHYHQW
5.3.3. Impact of scaffolding 
2YHUDOOWKHGLVFRXUVHDQDO\VLVVKRZVWKDWWKHSURFHVVLQWKLVZRUNVKRSKDVEHHQOHVVVWUXFWXUHGWKDQLQWKHRWKHU
WZRFDVHV7KHVXJJHVWHGOD\RXWIRUPRGHOFUHDWLRQZDVLJQRUHGLQWKLVFDVHFIVHFWLRQRQPRGHOOLQJUHVXOWEHORZ
DVZDV WKHSKDVHRI LQGLYLGXDO DUWLFXODWLRQ%RWK DVSHFWV FDQEH DWWULEXWHG WR D ODFNRIGHSOR\PHQWRI DQ\RI WKH
VFDIIROGVWKDWDOORZIRUVWURQJLQWHUYHQWLRQLQWKHDUWLFXODWLRQDQGDOLJQPHQWSURFHVVHJ66RU63DUWLFLSDQWV
ZHUHIXOO\UHVSRQVLEOHIRUWKHPRGHOOLQJSURFHVVDQGRXWFRPHIRUPWKHEHJLQQLQJRQDQGQRIDGLQJFRXOGEHREVHUYHG
6WLOOWKHIXQGDPHQWDODVSHFWVWREHH[SHFWHGGXULQJFROODERUDWLYHDOLJQPHQWDUHYLVLEOHLQWKHDQDO\VLVRIWKHSUHVHQW
FDVH7KHUDWKHUXQVWUXFWXUHGDSSURDFKRIH[WHUQDOL]DWLRQLVDFFRPSDQLHGE\DODUJHDPRXQWRIFRQVHQVXVEXLOGLQJ
DFWLYLWLHV7KLVFDQEHDWWULEXWHGWRWKHKHWHURJHQHRXVH[SHULHQFHVRIWKHSDUWLFLSDQWVZKRZHUHLQYROYHGLQWKHVDPH
ZRUNSURFHVVDWGLIIHUHQWLQVWLWXWLRQVDVGHVFULEHGDERYHDQGFRQVHTXHQWO\FRQWULEXWHGIXQGDPHQWDOO\GLIIHUHQWYLHZV
RQDFDVHVSHFLILFOHYHO$OVRWKH\ZHUHDZDUHDERXWWKHUXOHVDQGREMHFWLYHVVHWIRUWKLQ6DQG²DOWKRXJKWKH\
SDUWLDOO\ LJQRUHG WKHPLQ WHUPVRIVWUXFWXULQJ WKHPRGHO²WKH\IROORZHG WKHREMHFWLYHRIDOLJQLQJ WKHLUGLIIHUHQW
PHQWDOPRGHOVDERXWWKHLUZRUNSURFHVVHV7KHWZRRIIWRSLFVHJPHQWVDQGFRQWDLQLQWHUDFWLRQZLWKWKHSULQFLSDO
LQYHVWLJDWRUGXULQJZKLFKDQXQSODQQHGFRQFHSWXDOVFDIIROGWRPRWLYDWHWKHUHOHYDQFHRIWKHZRUNVKRSZDVSURYLGHG
XSRQGHPDQGE\WKHSDUWLFLSDQWV$VLVYLVLEOHLQ)LJXUHWKHDPRXQWRISDUWLFLSDWLRQURVHLPPHGLDWHO\DIWHUWKHVH
LQWHUYHQWLRQV
5.4. Comparative review of scaffolding measures 
7KHPRGHOOLQJUHVXOWVJHQHUDWHGLQWKHWKUHHFDVHVDUHKHWHURJHQHRXVUHJDUGLQJWKHDPRXQWRIVFDIIROGLQJGHSOR\HG
DQGWKHLPSOHPHQWDWLRQRIVFDIIROGLQJSULQFLSOHV
7KHIDFLOLWDWRULQFDVHKDVVWULFWO\IROORZHGDQGHQIRUFHGWKHSURSRVHGVFDIIROGVDQGKDVODUJHO\UHIUDLQHGIURP
IDGLQJDQG WUDQVIHURIUHVSRQVLELOLW\+LVVWULFWJXLGDQFHGLGQRWDOORZIRUFRQWLQJHQF\ WRDULVHRUDW OHDVWEHFRPH
YLVLEOH7KHPRGHOOLQJUHVXOWVKRZVFRQVLVWHQWO\DVVLJQHGVHPDQWLFVIRUDOOPRGHOHOHPHQWV,WLVWKHRQO\FDVHLQZKLFK
\HOORZHOHPHQWVDUHFRQVLVWHQWO\XVHGIRUGLUHFWHGLQWHUDFWLRQLHKDYHDQLGHQWLILHGVHQGHUDQGUHFLSLHQWDQGDUH
VROHO\DQFKRUHGRQUHGHOHPHQWVDVGHYLVHGLQWKHVWUXFWXUDOJXLGDQFHGHVFULSWLRQSURYLGHGYLD6DQG6+RZHYHU
WKHVWULFWJXLGDQFHVHHPVWRKDYHSUHYHQWHGDOLJQPHQWDFWLYLWLHVWREHFRQGXFWHGE\WKHSDUWLFLSDQWV
7KHIDFLOLWDWRUVLQFDVHKDYHWDNHQDPRUHOLEHUDODSSURDFKLQSURYLGLQJVFDIIROGVDQGHYHQWXDOO\IDGHGVXSSRUW
PHDVXUHV0RGHOOLQJUHVXOWVLQFDVHODUJHO\DGKHUHVWRWKHPRGHOOLQJJXLGHOLQHVEXWLQWURGXFHV\HOORZHOHPHQWVWKDW
UHSUHVHQW ELGLUHFWLRQDO VSRNHQ FRPPXQLFDWLRQ ZKLFKZDV QRW DQWLFLSDWHG LQ WKH RULJLQDO ODQJXDJH VSHFLILFDWLRQ
SURYLGHGLQ66DQG6+RZHYHUPRUHDQGKLJKHUTXDOLW\DOLJQPHQWDFWLYLWLHVFRXOGEHREVHUYHGLQFDVHWKDQLQ
FDVH7KHGHSOR\PHQWRI6ZKHUHDOLJQPHQWZDVH[SOLFLWO\PHQWLRQHGDVDQREMHFWLYHPLJKWKDYHEHHQVXSSRUWLYH
KHUH
,QFDVHQRVFDIIROGVZHUHSURYLGHGE\WKHIDFLOLWDWRUDWDOODQGSDUWLFLSDQWVKDGWRUHO\RQWH[WXDORUJUDSKLFDO
VFDIIROGVSURYLGHGYLD6DQG63UHVXPDEO\GXHWRWKHODFNRIIXUWKHUJXLGDQFHSDUWLFLSDQWVLQFDVHKDYHWDNHQRQ
DQHYHQPRUHIXQGDPHQWDOUHLQWHUSUHWDWLRQRIWKH\HOORZHOHPHQWVWKDQLQFDVHXVLQJWKHPFRQVLVWHQWO\WRUHSUHVHQW
GLIIHUHQWFRPPXQLFDWLRQFKDQQHOV&RQVHTXHQWO\ WKHUHGHOHPHQWVKDYHEHHQXVHGWRQRWRQO\GHVFULEHLQGLYLGXDO
DFWLYLWLHVEXWDOVRFRPPXQLFDWLRQDFWLYLWLHV/LQNLQJWKHHOHPHQWVLQFDVHDSSHDUVWREHODUJHO\DUELWUDU\EXWZDV
EDFNHGZLWKPHDQLQJWKDWKDVEHHQDUWLFXODWHGGXULQJWKHZRUNVKRSIROORZLQJWKHREMHFWLYHVSURYLGHGLQ67KHODFN
RISURFHGXUDOJXLGDQFHLQFRPELQDWLRQZLWK6KRZHYHUVHHPVWRKDYHOHGWRWKHLQWHQGHGEHKDYLRURIDUWLFXODWLRQ
DQGDOLJQPHQWRIPHQWDOPRGHOV+RZHYHUDVWKHODUJHDPRXQWRIVLPXOWDQHRXVDFWLYLW\DQGWKHOLPLWHGDUJXPHQWDWLYH
TXDOLW\LQGLFDWHVWKHOHYHORIPDWXULW\LQLQWHUDFWLRQUHDFKHGLQFDVHFRXOGQRWEHUHDFKHGLQFDVH7KLVLQWXUQ
FDQDJDLQEHDWWULEXWHGWRWKHODFNRIVWUXFWXULQJLQWHUDFWLRQYLDVFDIIROGLQJE\DIDFLOLWDWRUIROORZLQJ6DQG6
&DVHVDQGDOVRVKRZVRPHHOHPHQWVZLWKGHYLDWLQJVHPDQWLFV7KHVHZHUHLGHQWLILHGZKHQHOHPHQWVZHUHXVHG
IRUUHSUHVHQWLQJDFRQFHSWZKLFK²ZKHQFRQVLGHULQJWKHFDVHVSHFLILFVHPDQWLFV²VKRXOGKDYHEHHQPRGHOHGZLWK
DQRWKHUNLQGRIHOHPHQW,QFDVHDQ³HYHQW´ZDVPRGHOHGXVLQJD\HOORZHOHPHQWZKHUHDVLQFDVHD³GRFXPHQW´
ZDVLQWURGXFHGXVLQJDUHGHOHPHQW,QERWKFDVHVWKHFDVHVSHFLILFLQWHUSUHWDWLRQRIWKHPRGHOOLQJODQJXDJHGLGQRW
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DOORZIRUFRQVLVWHQWUHSUHVHQWDWLRQRIVXFKHOHPHQWVDQGWKXVUHTXLUHGWKHUHLQWHUSUHWDWLRQRIDQRWKHUDOUHDG\XVHG
HOHPHQW7KLVKRZHYHUKLQWVDWDOLPLWDWLRQRIWKHXVHGPRGHOOLQJODQJXDJHZKLFKZDVVSHFLILHGYLD6
'LVFXVVLRQ
7KHUHVXOWVRIWKHFDVHVWXG\DOORZWRGHULYHLQGLFDWLYHILQGLQJVUHJDUGLQJWKHSURSRVLWLRQVIRUPXODWHGDERYH
3Ä'LIIHUHQWW\SHVRIVFDIIROGVFDQEHSURYLGHGE\GLIIHUHQWPHDQVWRIDFLOLWDWHDUWLFXODWLRQDQGDOLJQPHQW³LV
EDFNHGE\ WKH ILQGLQJV IURP WKH FDVH VWXG\$OWKRXJKGLIIHUHQW VFDIIROGVZHUHXVHG LQ WKHGLIIHUHQW FDVHVZKLFK
GLIIHUHGLQWKHXVHGPHDQVDQGFKDQQHOVRIGHOLYHU\WKHIXQGDPHQWDOJRDORIIDFLOLWDWLRQDUWLFXODWLRQDQGDOLJQPHQW
FRXOGEHUHDFKHGLQDOOWKUHHFDVHV6WLOOWKHTXDOLW\RIWKHUHVXOWVYDULHVLQUHODWLRQWRWKHW\SHRIVFDIIROGVSURYLGHG
7KHUHDSSHDUVWREHQRVLQJOHW\SHRIVFDIIROGLQWKHFDVHVWXG\WKDWSURYLGHVVWUXFWXUHWRWKHDUWLFXODWLRQSURFHVVDQG
VWLOOHQDEOHVFRPSUHKHQVLYHLQGHSWKDOLJQPHQWDFWLYLWLHV7KLVILQGLQJDSSHDUVWREHFRQQHFWHGWR3
3Ä,PSOHPHQWLQJSULQFLSOHVRI VFDIIROGLQJ LQFROODERUDWLYHFRQFHSWXDOPRGHOOLQJFDQDLG WKHGHYHORSPHQWRI
DUWLFXODWLRQDQGDOLJQPHQWFDSDELOLWLHVRISDUWLFLSDQWV³DOVRDSSHDUVWREHEDFNHGE\WKHILQGLQJVRIWKHFDVHVWXG\
2QO\LQFDVHFRQWLQJHQF\IDGLQJDQGWUDQVIHURIUHVSRQVLELOLW\ZHUHDFWLYHO\LPSOHPHQWHGE\WKHIDFLOLWDWRUV7KLV
FDVH VKRZV D VWUXFWXUHGPRGHOOLQJ UHVXOWZKLOH DW WKH VDPH WLPH KDYLQJ H[SRVHG D ODUJH DPRXQW RI KLJK TXDOLW\
DOLJQPHQWDFWLYLWLHV7KHEHKDYLRURIWKHSDUWLFLSDQWVLQGLFDWHGWKDWWKH\DFTXLUHGVWUXFWXUHGDUWLFXODWLRQDQGDOLJQPHQW
FDSDELOLWLHVDWOHDVWWRVRPHH[WHQWDQGZHUHDEOHWRLGHQWLI\VLWXDWLRQVLQZKLFKWKH\UHTXLUHGVXSSRUWWKURXJKWKH
IDFLOLWDWRU 7KH IDFLOLWDWRU LQ FDVH  ODUJHO\ UHIUDLQHG IURP IDGLQJ DQG WUDQVIHU RI UHVSRQVLELOLW\ ZKLFK OHG WR D
SDUWLFXODUO\ORZDPRXQWRIDOLJQPHQWDFWLYLWLHV3DUWLFLSDQWVFRQVHTXHQWO\UHPDLQHGLQDSDVVLYHUROHRQO\EHFRPLQJ
DFWLYHZKHQH[SOLFLWO\TXHVWLRQHGE\WKHIDFLOLWDWRU,QWHUDFWLRQDPRQJWKHSDUWLFLSDQWVRQO\URVHLQWKHILQDOSKDVHRI
WKHZRUNVKRSZKHUHWKHIDFLOLWDWRULQWHUYHQHGOHVV6WLOOWKHDPRXQWRIKLJKTXDOLW\DOLJQPHQWDFWLYLWLHVUHPDLQHGORZ
DOVRLQWKLVSKDVH&DVHFDQEHFRQVLGHUHGWRIXOO\FRQWUDVWFDVH3DUWLFLSDQWVUHFHLYHGQRDFWLYHJXLGDQFHDWDOODQG
KDG WR UHO\RQ D OLPLWHG VHW RI VFDIIROGVSURYLGHGYLDZRUNVKRSPDWHULDOV7KLV OHG WR LJQRUDQFHRI WKHSURSRVHG
VWUXFWXULQJDSSURDFKDQGDQLQWHUPHGLDWHSKDVHRIIXQGDPHQWDOO\TXHVWLRQLQJWKHZRUNVKRSREMHFWLYHVZKLFKFRXOG
RQO\ EH UHVROYHG E\ D UHTXHVWHG LQWHUYHQWLRQ RI WKH SULQFLSDO LQYHVWLJDWRU ZKR RIIHUHG D FRQFHSWXDO VFDIIROG WR
PRWLYDWHWKHWDVNVWKHSDUWLFLSDQWVZHUHFRQIURQWHGZLWK
7KHILQGLQJVRIWKHFDVHVWXG\DUHODUJHO\LQOLQHZLWKWKRVHWKDWFRXOGEHH[SHFWHGEDVHGRQSULRUUHVHDUFKDYDLODEOH
LQ UHODWHG ZRUN 6WLOO H[SOLFLWO\ XVLQJ D VFDIIROGLQJ OHQVZKHQ GHVLJQLQJ WKH FDVH VWXG\ KDV DOORZHG WR LGHQWLI\
SRWHQWLDOO\ FULWLFDO DVSHFWV WKDW VKRXOG EH FRQVLGHUHGZKHQ SXUVXLQJ WKH DLP RI XVLQJ VFDIIROGLQJ WR VXSSRUW WKH
GHYHORSPHQWRIDUWLFXODWLRQDQGDOLJQPHQWFDSDELOLWLHV
First WKH FDVH VWXG\ KDV UHYHDOHG WKDW SDVVLYH VFDIIROGV VXFK DV SURYLGHG PDWHULDOV FDQQRW VXEVWLWXWH DFWLYH
VFDIIROGLQJDFWLYLWLHV,QWKHFDVHVWXG\WKHVHDFWLYLWLHVDUHFDUULHGRXWE\KXPDQIDFLOLWDWRUV5HODWHGZRUNKRZHYHU
DFWLYHO\ORRNVLQWRXVLQJVRIWZDUHWRSURYLGHVFDIIROGVWRSDUWLFLSDQWV6XFFHVVIXOVFDIIROGLQJKRZHYHULVFRQWH[W
GHSHQGHGDQGQHHGVWREHDGDSWHGWRWKHVLWXDWLRQDQGQHHGVRIWKHPRGHOHUV7KLVSRVHVWKHTXHVWLRQKRZVRIWZDUH
FRXOGFDSWXUHDSSURSULDWHLQIRUPDWLRQWKDWDOORZVWRGHULYHSRWHQWLDOQHHGVIRUVFDIIROGLQJ
SecondWKHFDVHVWXG\DOVRLQGLFDWHVWKDWWKHGHYHORSPHQWRIFDSDELOLWLHVWKURXJKVFDIIROGLQJLVODUJHO\GHSHQGHQW
RQWKHFDSDELOLWLHVRIIDFLOLWDWRUWRDFWLYHO\GHSOR\WKHIXQGDPHQWDOSULQFLSOHVRIVFDIIROGLQJ7KLVFDSDELOLW\DOVRPXVW
QRWEHDVVXPHGWREHDYDLODEOHDQGUHTXLUHVWUDLQLQJDQGH[SHULHQFH7KLVSRVHVWKHTXHVWLRQRIKRZIDFLOLWDWRUVFRXOG
EHWUDLQHGWRDSSURSULDWHO\GHSOR\VFDIIROGLQJLQDUWLFXODWLRQDQGDOLJQPHQWDFWLYLWLHV
Third WKH GLIIHUHQW IRUPV RI VFDIIROGLQJ GHSOR\HG LQ WKH FDVH VWXG\ KDYH EHHQ SURYLGHG E\ GLIIHUHQW VRXUFHV
6WUDWHJLF VFDIIROGV KDYH EHHQ VXFFHVVIXOO\ GHOLYHUHG YLD WH[WXDO RU JUDSKLFDO GHVFULSWLRQV 3URFHGXUDO DQG
PHWDFRJQLWLYHVFDIIROGVKRZHYHUZHUHRQO\VXFFHVVIXOO\GHSOR\HGZKHQSURYLGHGE\WKHIDFLOLWDWRURUWKHSDUWLFLSDQWV
WKHPVHOYHV 7KHVH UHVXOWV KRZHYHU DUH RQO\ LQGLFDWLYH DQG UHTXLUH IXUWKHU H[DPLQDWLRQ 7KH TXHVWLRQ KHUH
FRQVHTXHQWO\LVZKHWKHUWKHHIIHFWLYHQHVVRIGLIIHUHQWIRUPVRIVFDIIROGLQJLVOLQNHGWRGLIIHUHQWVRXUFHVGHOLYHULQJ
WKHVFDIIROGV(YHQWXDOO\WKLVOHDGVWRWKHTXHVWLRQLIDIDFLOLWDWRUFRXOGEHVXEVWLWXWHGE\RWKHUPHDQVRISURYLGLQJ
VFDIIROGVLQWKHVSHFLILFXVHFDVHRUZKHWKHUKXPDQLQWHUYHQWLRQLVLQGLVSHQVDEOH
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&RQFOXVLRQ
,QWKLVSDSHUZHKDYHGLVFXVVHGKRZWKHFRQFHSWRIVFDIIROGLQJFDQEHXVHGWRVXSSRUWWKHFROODERUDWLYHDUWLFXODWLRQ
DQGDOLJQPHQWRIPHQWDOPRGHOV:HKDYHVKRZQWKDW²ZKLOHWKHFRQFHSWRIVFDIIROGLQJLVKDUGO\H[SOLFLWO\DGRSWHG
LQ WKH FXUUHQW VWDWHRIWKHDUW² UHFHQW UHVHDUFK DUJXDEO\ SRLQWV RXW WKH LPSRUWDQFH RI H[DPLQLQJZD\V WR EXLOG
DUWLFXODWLRQDQGDOLJQPHQWFDSDELOLWLHVYLDFRQFHSWXDOPRGHOOLQJIRUSHRSOHXVXDOO\QRWFRQFHUQHGZLWKVXFKWRSLFVLQ
WKHLURSHUDWLYHILHOGRIZRUN2XUFDVHVWXG\LQGLFDWHVWKDWSULQFLSOHVRIVFDIIROGLQJFDQEHHIIHFWLYHO\GHSOR\HG
IRUWKLVSXUSRVHDQGSRLQWVDWSRWHQWLDOFULWLFDOVXFFHVVIDFWRUV7KHVHLQGLFDWLYHVXFFHVVIDFWRUVDOORZWRIXUWKHUH[SORUH
WKH SRWHQWLDO YDOXH RI VFDIIROGLQJ IRU LQWHUYHQWLRQV WULJJHULQJ LQGLYLGXDO DQG FROOHFWLYH OHDUQLQJ LQ RUJDQL]DWLRQDO
SUREOHPVROYLQJSURFHVVHV
7KHILQGLQJVGHULYHG LQ WKLVZRUNKRZHYHUDUHRI OLPLWHGYDOLGLW\DV WKHVWXG\KDVQRWFRQVLGHUHGSRWHQWLDOO\
LQWHUIHULQJYDULDEOHVVXFKDVWKHVRFLDOVHWWLQJLQWKHJURXSVZKLFKPLJKWKDYHDIIHFWHGZLOOLQJQHVVIRUDOLJQPHQWDQG
WKXVPLJKWKDYHLQWHUIHUHGZLWKWKHHIIHFWRIVFDIIROGLQJ6WLOOWKHLQGLFDWLYHUHVXOWVDUHVRXQGDQGLQOLQHZKDWVKRXOG
EHH[SHFWHGEDVHGRQWKHUHVXOWVRIUHODWHGVWXGLHVLQWKHILHOGRIIDFLOLWDWLQJFROODERUDWLYHPRGHOOLQJ7KH\WKXV
KDYHEHHQXVHGWRGHULYHIXUWKHUUHVHDUFKTXHVWLRQVZKLFKZLOOGLUHFWRXUIXWXUHUHVHDUFK
)ROORZLQJDGHVLJQVFLHQFHDSSURDFKZHZLOOVWDUWZLWKHODERUDWLQJRQTXHVWLRQDQGEXLOGDQLQLWLDOVRIWZDUH
DUWLIDFWWKDWVKRXOGVXSSRUWVFDIIROGLQJWKHSURFHVVRIDUWLFXODWLRQDQGDOLJQPHQWRIPHQWDOPRGHOVDERXWZRUN7KLV
SURWRW\SHZLOODOORZWRLQYHVWLJDWHTXHVWLRQDQGWULJJHUDQLWHUDWLYHUHILQHPHQWSURFHVVRIWKHDUWLIDFW5HILQHPHQW
RIWKHDUWLIDFWZLWKUHVSHFWWRKRZLWSURYLGHVVFDIIROGVZLOOHYHQWXDOO\DOVRHQDEOHWRVWXG\TXHVWLRQDQGWUDQVIHU
ILQGLQJVEDFNWRWKHILHOGRIHGXFDWLRQDOVFLHQFH
$FNQRZOHGJHPHQWV
7KHDXWKRUDFNQRZOHGJHVWKHFRQWULEXWLRQRI,RDQ$OH[DQGUX6FKlUIOLQLGHQWLI\LQJUHOHYDQWOLWHUDWXUHRQWKHVWDWH
RIWKHDUWLQVFDIIROGLQJ
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